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Prelude to asthma? 


° Prompt and prolonged relief with 
not necessarily si ill Tedral can be initiated any time, day or night, 


whenever needed without fear of incapacitat- 


Tedral, taken at first sign of attack, often fore- ; ; 
ing side effects. 


stalls severe symptoms. 
Tedral provides: 


in 15 minutes ...Tedral brings symptomatic theophylline 


relief with a definite increase in vital capacity. 
phenobarbital 


Breathing becomes easier as Tedral relaxes 
in boxes of 24, 120 and 1000 tablets 


smooth muscle, reduces tissue edema, provides 


mild sedation. 


for 4. full hours ...Tedral maintains more 
normal respiration for a sustained period—not 
just a momentary pause in the attack. 


¢ a L ¢ FORMERLY THE MALTINE COMPANY 


MORRIS PLAINS, NEW JERSEY 
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NEW EFFECTI 


Brand of Trihexyphenidy! hydrochloride 


@ relieves spasticity and tremor 
@ improves gait 


diminishes salivation without causing 
accompaning dryness, smarting, blurred 
vision or mydriasis 


relieves mental depression 


promotes feeling of well being and 


_ , Please write for booklet alertness 
giving detailed information. 


@ has minimal side effects 


Supplied in scored tablets of 2 mg., 
bottles of 100 and 1000. 


NEW YORK 18, N. Y. © WINDSOR, ONT. 
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Clinical Studies 


Experimental Approach to the Problem of Treatment Failure with Penicillin. I. 
Group A Streptococcal Infection in Mice . . . . . Harry EAGLE 


Treatment failures in vivo with antibiotics known to be effective in vitro usually are ascribed to 
inability to achieve effective concentrations of the antibiotic in critically infected areas or to the 
presence or development of resistant bacterial strains. This study emphasizes another contributory 
factor in connection with the use of penicillin: in older infections, organisms may no longer be 
multiplying and metabolizing very rapidly and so become insensitive to the mechanisms by which 
penicillin exerts its bacteriostatic or bactericidal effects. 


A Long-term Survey of Rheumatic and Non-rheumatic Families. With Particular 
Reference to Environment and Heredity 
FRIEDA G. GRAy, ROBERT W. QuINN AND JuLIA P. QuINN 
This careful study deals with the recurrent problem of the relative significance of environment 
and heredity in the occurrence of rheumatic fever, a matter of continuing interest despite the 
advent of antibiotic prophylaxis and therapy. Poor housing and crowding were found again to be 
significantly greater in the rheumatic than in the control families. Heredity probably plays some 
role, presumably of inherited susceptibility or altered host response. 


Rickettsialpox. Report of Four Apparent Cases in Pennsylvania 
ALFRED C. LABocceTTa, HAROLD L. ISRAEL, ANGELO M. PERRI AND 
M. MicHAEL SIGEL 413 
Rickettsialpox is not confined to New York City, four probable cases being reported from Phila- 


delphia in this paper. It must be admitted that the diagnosis in some of these instances is not 
altogether secure but the important point is awareness of the disease and its characteristics. 


Octamethyl Pyrophosphoramide in the Therapy of Myasthenia Gravis 
Capt. Ltoyp Grecory, Jr., E. D. Furcu Anp C. T. STONE 


Octamethy! pyrophosphoramide (OMPA) is one of the new and potent anticholinesterase agents 
being tried out in the treatment of myasthenia gravis. According to this report on the results in 
sixteen patients, OMPA permitted less limitation of activity than other drugs employed and was 
relatively free of significant side effects except on the gastrointestinal tract. 
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prompt... prolonged... 
prescribed relief of pain 


APAMIDE 


BRAND ¢ TRADEMARK tablets 
(N-acetyl-p-aminophenol, 0.3 Gm.) 


analgesic-antipyretic 


rapid, direct analgesia 

Apamide quickly relieves pain and reduces fever through direct 
analgesic-antipyretic action. It avoids the delay inherent in compounds 

that require metabolic transformation to produce analgesia. 

prolonged relief of pain 

A pamide goes to work fast. It raises the pain threshold substantially within 

30 minutes, reaches peak effect in about 22 hours and continues to be effective 
for approximately 4 hours. 


well-tolerated analgesic 


Apamide is a pure, active agent that does not produce extraneous, possibly 

toxic metabolites. High dosages over long periods have not been shown to cause 
toxic reactions or gastric upsets. It is extremely valuable in patients who 

cannot tolerate salicylates. 

only 

Available only on your prescription, Apamide permits precise contro}! 

of dosage and duration of treatment by you. Prescribe it for relief of pain 

and reduction of fever in respiratory infections, functional headache, 

muscular or joint pain and dysmenorrhea. Average adult dose, | tablet 

every four hours. 


for a sedative-analgesic 
prescribe 


APROMAL 


BRAND * TRADEMARK tablets 
(N-acetyl-p-aminophenol, 0.15 Gm. and acetylcarbromal, 0.15 Gm.) 


non-narcotic, non-barbiturate 


A promal is especially valuable in those cases where pain coexists with tension, anxiety, 
restlessness, excitement, nervousness and irritability. Apromal contains Apamide 

and the widely used, gentle daytime sedative, acetylcarbromal. Enhancement of both 
analgesia and sedation is secured: by this combination. Average adult dose, 

1 tablet every 4 hours. 


AMES 


COMPANY, INC., ELKHART, INDIANA Ames Company of Canada, Ltd., Toronto 
43352 
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Triethylene Melamine in Clinical Cancer Chemotherapy 
ALFRED GELLHORN, Morton M. KLIGERMAN AND ISRAELI JAFFE 


This report summarizes results of oral administration of triethylene melamine in forty-four cases 
of Hodgkins’ disease and other disseminated malignancies. The authors found that by conjoint 
use of sodium bicarbonate dosage could be better standardized and a more predictable response 
could be obtained. There appear to be distinct advantages in the use of TEM over nitrogen 
mustard in selected cases. 


Review 


Alcaptonuria and Ochronosis. With a Report of Three Patients and Metabolic 
Studies in Two 


MorTon GALDsTON, J. MURRAY STEELE AND KONRAD DOBRINER 


This review summarizes present views concerning alcaptonuria, one of the most intriguing of the 
inborn errors of metabolism. Case histories and postmortem findings in three new cases, together 
with metabolic studies in two of them, are recorded. 


Seminars on Gastrointestinal Physiology 


Current Views on the Physiology of the Gastric Secretions . FRANKLIN HOLLANDER 


In a presentation noteworthy for its readability as well as for its content, Dr. Hollander sum- 
marizes current concepts concerning structure and function of the stomach. The processes of 
gastric secretion of enzymes, acid and mucus, and the neural and hormonal mechanisms of gastric 
stimulation and inhibition are described lucidly and with critical judgment. Of special interest 
is a new interpretation of the role of carbonic anhydrase in acid production. 


Quantitative Tests of Gastrointestinal Function . . . .  . Henry D. JANowiTz 


Dr. Janowitz has undertaken the difficult assignment of summarizing presently available quanti- 
tative tests for measuring the secretory, transport and absorption mechanisms of the gastro- 
intestinal tract. This he has done concisely and critically, largely from the point of view of the 
trained laboratory investigator who sets up criteria more rigid than those ordinarily employed 
in such studies. The resulting appraisal is somewhat disillusioning but realistic. 
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Therapy for Mixed Somatic and Psychic Complaints 


Illness may be divided into: 

a.) that which begins by a disturbance of func- 
tion with physical breakdown (primary or- 
ganic). 

b.) that which begins in the psychic or emo- 
tional sphere and may eventually lead to 
physical breakdown (psychosomatic). 


Stevenson’ categorizes diseases according to the rela- 
tive amounts of psychic and physical manifestations 
uncovered during interview with the patient. 
Burlingame’s* classification, upon which the following 
chart is based, evolved from a similar thesis. 


Diagnosis: people differ widely in their predisposi- 
tion toward disturbances of emotional origin. The 
patient with greater constitutional predisposition de- 
velops illness under a relatively low level of stress; 
whereas the more stable individual can make good 
adaptation until exposed to a higher intensity of stress. 
For this reason examination should evaluate: 


A.) Factors such as — 
Emotional stability and family history. 
Interpersonal relationships. 
Life situations at work, in family and 
social areas. ( Stevenson’) 


B.) Complaints offered by patient — 
lump in throat, substernal pain, 
‘ palpitation, sweating, 
fatigue, sick to stomach, 
diarrhea, menstrual irregularities. 


C.) Complaints elicited by questioning patients— 

admission of chronic anxiety, irritability, 

e.g. § fear of illness and/or economic loss etc., 
difficulty in dealing with others. 


D.) Findings on examination of the patient: 
muscular tenseness, moist skin, dry 
mouth, variable pulse rate etc. (Ebaugh’) 


Ebaugh’ reports that somatic manifestations of such 
illness are intimately related to the balance between 
sympathetic and parasympathetic nerve tonus. Since 
emotions relayed via the hypothalamus, activate both 
adrenergic and cholinergic discharges, continuous 
emotional stress and anxiety result in functional 
disturbances. 


Treatment of such conditions, therefore must be 
based on two methods of management: 


1.) psychotherapeutic — to help patient ad- 
just to stressful situations with minimal 
emotional trauma. 


medicinal — to relieve the patient’s symp- 
tomatic distress and concern over his illness, 
thereby making him more amenable to 
psychotherapy. 


Bellergal — is particularly suited as an adjunct to 
psychotherapy for functional disorders. MacFadyen’ 
explains the rationale of this therapy as follows. Beller- 
gal contains: 


1.) Ergotamine tartrate and Bellafoline—these 
block sympathetic and parasympathetic im- 
pulses respectively, thus inhibiting transmis- 
sion of stimuli which originate from emo- 
tional centers. 


phenobarbital — which inhibits the exag- 
gerated response of the neurotic patient to 
stressful situations. 


This combination “. . . subdues the central, sym- 
pathetic and parasympathetic activities in such a 
manner that the dominance of any one division 
is gradually decreased to a point where normal 
balance is re-established.” 


BIBLIOGRAPHY 


1. Stevenson, I.: G. P. 4: 59, 1951. 

2. Ebaugh, F.: Postgrad. Med. 4: 208, 1948. 

3. MacFadyen, B.: Am. Pract. 2: 1028, 1951. 

4. Burlingame, C.: Connecticut M. J. 14: 493, 1950. 


The Sandoz Scientific Department has prepared a 
booklet entitled Atlas of Emotional Disorders, useful 
for explaining the basic origin of functional disorders 
of the various systems. These are available by writing to: 


Sandoz Pharmaceuticals 


DIVISION OF SANDOZ CHEMICAL WORKS, INC, 
68 CHARLTON STREET, NEW YORK 14, N. Y. 
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Conference on Therapy 


Conferences on Therapy (Cornell University Medical College)—This conference deals sanely 
and interestingly with the ubiquitous problem of weight reduction, stressing the importance of 
simple psychotherapy and of reduction in caloric intake while maintaining proper balance of 
foodstuffs and adequate vitamin and mineral intake. Over-reliance on endocrine preparations, 
salt restriction and drugs properly is scored. 


Clinico-pathologic Conference 


Leukemoid Reaction, Abdominal Pain and Mesenteric Lesions 


Clinico-pathologic Conference (Washington University School of Medicine)—This case proved 
to be a particularly difficult problem in differential diagnosis. One point of interest was the 
association with necrosis of the gallbladder, which was noted on exploratory laparotomy. A num- 
ber of additional observations of interest are made in the clinical discussion and in connection 
with the pathologic findings. 


Research Society Abstracts 


American Federation for Clinical Research—Abstracts of Papers Presented at the 
Western Sectional Meeting in Carmel, California, January 24, 1952 


Case Report 


Familial Mediterranean (Cooley’s) Anemia Complicated by Chronic Hepatitis. Results 
of Treatment with ACTH . . . Epwin ENGLERT, Jr. AND LEON J. WARSHAW 507 


An interesting report of a well studied case of Cooley’s anemia in an adult Italian female, who 
also presented probably unrelated chronic hepatitis. 
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Piromen. 


(DISPERSION OF DESACCHROMIN) 


for effective 
control of a 


wide variety of 


ALLERGIES 


and 


ramen 


Sag a typical leucocytic response to Piromen 


Every day more physicians are discovering the early clinical benefits 
effected by the administration of Piromen, employed either as a specific, 
or concomitantly with other drugs. 


Piromen is a biologically-active bacterial polysaccharide which produces 
a marked leucocytosis and a stimulation of the reticulo-endothelial system. 
It is nonprotein, nonantigenic, and may be employed safely 
within a wide range of dosage. 


Prromen is prepared in stable colloidal dispersion for parenteral use. 
It is supplied in 10 cc. vials containing either 4 gamma (micrograms) per cc., 
or 10 gamma per cc. 


For a comprehensive booklet detailing the use of this new therapeutic agent, 
merely write ‘‘Piromen” on your Rx and mail to— 


*TRADE MARK 


Manufactured by 


TRAVENOL LABORATORIES, INC. 


Subsidiary of BAXTER LABORATORIES, INC., MORTON GROVE, ILLINOIS 
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REDISOL is a convenient oral dosage form of “the most effective antianemic sub- 
stance known.” Indicated in nutritional macrocytic anemias, and for maintenance 
therapy in pernicious anemia. Clinical evidence indicates By. is also of value in 
stimulating voluntary food intake. REDISOL Tablets are readily soluble in milk, fruit 
juices or infant formulas, and may also be administered conveniently as regular 
tablet medication. REDISOL Tablets, 25 mcg. per tablet, supplied in vials of 36, 
bottles of 100. Tablets of 50 mcg., vials of 36. Also available: REDISOL Elixir, con- 
taining 5 mcg. per 5 cc., pint SPASAVER® and gallon bottles; REDISOL Injectable, 


30 mcg. per cc., vials of 10 cc. Sharp & Dohme, Philadelphia 1, Pa. 
1. Spies, T. D. et al.: J.A.M.A., 139:521, 1949. 


Redisol 


Soluble Tablets Vitamin Bi2 


[Sharp & Dohme | 
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to pound of liver daily” 


REDISOL, Soluble Tablets Vitamin B,2, are a convenient oral dosage form of vitamin B,2 for treatment of nutritional 
macrocytic anemias and to stimulate the appetite. Perhaps the most potent of all known nutritional agents, vitamin B,2, 
“in almost unbelievably small amounts, will produce all the effects first observed following the ingestion of one-quarter 
to one-half pound of liver daily.”! REDISOL is supplied in tablets of 25 mcg. crystalline vitamin By2, vials of 36 and 
bottles of 100. Tablets of 50 mcg., vials of 36. Also available: REDISOL Elixir, containing 5 mcg. per 5cc., pint SPASAVER® 
and gallon bottles; Repisot Injectable, 30 mcg. per cc., vials of 10 cc. Sharp & Dohme, Philadelphia 1, Pa. 

1. Sturgis, C. C.: Postgraduate Med. 5:300, 1949. 


Redisol 


Soluble Tablets Vitamin 
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Trademark 
[d-DESOXYEPHEDRINE HYDROCHLORIDE AND ACETYLBROMDIETHYLACETYLCARBAMID SCHENLEY] 
combines mood-lifting desoxyephedrine 
(more potent but less upsetting than 
h ine') with | Imi 
amphetamine’) with gentle, calming 


Sedamyl* [not a barbiturate) 


SUPPLIED: In bottles of 100 tablets. 
Each tablet contains: 
2.5 mg. d-desoxyephedrine hydrochloride 
., 0.26 Gm. (4 gr.) Sedamyl (acetylbrom- 
es diethylacetylcarbamid Schenley). 


1. Douglas, H. S.:; West. J. Surg. 59:238, 1951. 


schenley 


SCHENLEY LABORATORIES, INC. Lawrenceburg, Indiana 


©Schenley laboratories, lnc. *Trademark of Schenley Laboratories, Inc. 
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ANTIBIOTIC DIVISION, CHAS. PFIZER & CoO., INC... BROOKLYN 6, N. Y. 


world’s largest producer of antibiotics 


DON’T MISS \ APPEARING REGULARLY IN THE J. A. M. A, 
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In Amebiasis and the Bacterial Dysenteries 


NEOBACIN TABLETS 


a Wide Spectrum Antibiotic Combination 


A mixture of neomycin and bacitracin, Neobacin produces out- 
standing results in the treatment of intestinal amebiasis and the 
bacterial dysenteries, not only in adults, but also in infants and 
children. In several clinical studies, Neobacin Tablets were re- 
sponsible for dramatic clinical cures even after other therapy had 
failed.!.2 In amebiasis and infectious diarrhea of the newborn, 
this antibiotic mixture produces an unusually high cure rate, 
quickly reducing the frequency of bowel movements and leading 
to rapid control of infection. 


Each Neobacin Tablet contains 25 mg. of neomycin (as the 
sulfate) and 2,500 units of bacitracin. Neither antibiotic is 
absorbed from the intestinal tract to any extent, hence the entire 
quantity administered is available for local action. The dose of 
Neobacin Tablets is one to four tablets four times daily depend- 
ing upon the age of the patient. They are readily crushed for easy 
administration to infants and young children. 

1. Felsenfeld, O.; Kadison, E. R., and Ishihara, S. J.: In Vitro and In Vivo 


Tests with Antibiotics Against E. histolytica, Am. J. Pub. Health 41:1078 
(Sept.) 1951. 


. Kadison, E. R., and Borovsky, M. P.: The Treatment of Infantile Diarrhea 
with a New Combination of Antibiotics, J. Pediat. 38:576 (May) 1951. 
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ROUTINE THERAPY FOR INTERNAL HEMORRHOIDS 


For the vast majority of cases of internal 
hemorrhoids requiring conservative 
treatment, the employment of RECTAL 
MEDICONE appears clearly indicated. 
The enormous prescription demand 


R £6 FA L 


which this product enjoys, furnishes 
definite evidence of its value in this 
condition—particularly so when prompt 
symptomatic relief is vital for the com- 
fort and well-being of the patient. 


MEDICONE 


MEDICONE COMPANY: 225 VARICK STREET* NEW YORK 14, N.Y. 
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A cough medication— 


4d 
“significantly superior 


Carefully controlled tests on 52 institutionalized 
patients have led to the conclusion! that “in all 
important categories, the glycerol guaiacolate 
preparation (Robitussin) was significantly superior” 
to the recognized remedies ammonium chloride and 
terpin hydrate. 


Robitussin ‘Robins’ employs not only glyceryl 
guaiacolate— shown to have maximum effectiveness 
for increasing respiratory tract secretions? and reducing 
coughing spells’ — but also desoxyephedrine 
hydrochloride, for relieving bronchiolar constriction‘ 
and improving the patient’s mood.’ An exceptionally 
palatable syrup, for both adults and children. 
REFERENCES: 1. American Practitioner and Digest of Treatment, 
2:844, 1951. 2. J. Pharmacol. & Exper. Therapy, 87:24, 1946. 


3. Ibid, 73:65, 1941. 4. J. Pharmacol. 77:324, 1943. 5. J. Lab. & 
Clin. Med., 28:603, 1943. 


A. H. ROBINS CO., INC. « RICHMOND 20, VA. 
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for 
all 
nutritional 
anemias 


A Comprehensive Therapeutic Formula Providing: 


e Vitamin B complex in 
substantial amount, 


including 


Vitamin Bis} 


e Vitamin C; 


e Copper; 


Desiccated Liver. 


To secure a prompt and sustained response, prescribe 


IRONATE 


IRON e VITAMINS ¢ LIVER 
SUPPLIED: Bottles of 100 capsules 


Wyeth Incorporated « Philadelphia 2, Pa. 


| Myeth 


® 
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THE COUNCIL-ACCEPTED USES OF 


Dramamine’ 


SYMPTOMATIC CONTROL OF 
NAUSEA AND VOMITING 


ASSOCIATED WITH | pregnancy 
therapy with certain drugs (antibiotics, etc.) 


electroshock therapy 
narcotization 


MANAGEMENT OF VERTIGO IN Meéniére’s syndrome 
radiation sickness 
hypertension 
fenestration procedures 
labyrinthitis 


MANAGEMENT OF Tablets: | 50 mg. each 
VESTIBULAR DYSFUNCTION Liquid: | 12.5 mg. in each 4 cc, 
ASSOCIATED WITH Streptomycin therapy 


—and, of course, MOTION SICKNESS 


Dramamine 


BRAND DIMENHYDRINATE 


SEARLE 


RESEARCH IN THE SERVICE 
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apSEALS 


-pesicol 


to restore 


combined lipotropic and bile therapy 


HEPA-DESICOL combines choline, methionine, and 
inositol with Desicol (desiccated whole fresh 

bile, Parke-Davis ). It is valuable in the treatment 
of liver dysfunction often accompanying early 
cirrhosis, alcoholism, diabetes mellitus, malnutrition, 
obesity, and atherosclerosis. 


Lipotropic action of choline, methionine, and 
inositol is well established; Desicol not only 
provides additional bile but also stimulates normal 
bile flow. This dual action of HEPA-DESICOL 
provides more effective therapy of disturbed 
fat metabolism. 


HEPA-DESICOL Kapseals are supplied in bottles of 
100 and 1000. 


each Kapseal contains: 
dl-Methionine ... 
Choline Bitartrate 
Inositol ...... 
Desicol® . 
dosage — Two to four Kapseals three times a day, with or 
immediately following meals. 


Sts he. Davis Company 
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only one application of 


E U R A »4 blocks the 


“ttch-scratch reflex” 


for 6 to 8 hours 


The prompt, prolonged and effective 
action of the new antipruritic, Eurax, 
has been authoritatively reported in lead- 
ing dermatologic journals.!~° 


Eurax affords “complete relief” in two 
out of every three cases and “consider- 
able relief” in the majority of the remain- 
der.! Not an antihistaminic, not a -caine 
derivative . . . EURAX is virtually nonsen- 
sitizing and nontoxic,'* and, importantly, 
does not lose its effectiveness after con- 
tinued use.* 


In addition to its nonspecific anti- 
pruritic properties, EURAX is a potent 


scabicide.*!1 Only 1-2 applications pro- 


duce cure rates ranging up to 100 per 
cent with the added advantage that the 
bacteriostatic properties of Eurax effec- 
tively control secondary coccal infections. 


EURAX... the new long-lasting antipruritic 


Eurax (brand of crotamiton) contains N-ethyl-o-crotonotoluide* 
in a 10 per cent concentration in a vanishing cream base. 


Tubes of 20 Gm. and 60 Gm. and jars of 1 Ib. 


bibliography: (1) Couperus, M.: J. Invest. Dermat. 13:35, 1949. (2) Peck, S. M., and 
Michelfelder, T. J.: New York State J. Med. 50:1934, 1950. 
(3) Soifer, A. A.: Quart. Rev. Int. Med. & Dermat. 8:1, 1951. (4) Johnson, 
S. M., and Bringe, J. W.: Arch. Dermat. & Syph. 63:768, 1951. 
(5) Hitch, J. M.: Clinical Appraisal of a New Antipruritic 
(N-ethyl-o-crotonotoluide), to be published. (6) Tobias, N.: G. P. 4:43, 
1951. (7) Domenjoz, R.: Schweiz. med. Wchnschr. 76:1210, 1946. 
(8) Patterson, R. L.: South. M. J. 43:449, 1950. (9) Pierce, H. E., Jr.: 
J. Nat. M. A. 43:107, 1951. (10) Hand, E. A.: J. Michigan M. Soc. 
49 :1286, 1950. (11) Tronstein, A. J.: Ohio State M. J. 45:889, 1949. 


*U.S. Pat. $2,505,681 


GEIGY PHARMACEUTICALS -° Division of Geigy Company, Inc. 
220 Church Street, New York 13, New York 
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adenylic acid for systemic therapy 
® 
The medical profession has been expressing ever increasing interest 


(adenosine-5-monophosphate ) 


in MY-B-DEN. It is being widely used both for established indica- 


tions, as well as a nontoxic source of ATP in the body for experi- 
mental work. The following article confirms the therapeutic value 
of my-B-DEN in varicose or phlebitic vein conditions, and extends 
its use to the treatment of acute thrombophlebitis. 


from the current literature on the therapeutic action of muscle 


adenylic acid on ulcers and dermatitis associated with varicose veins 


and in acute thrombophlebitis: 


Thirty-five patients with chronic venous insuf- 
ficiency and tissue changes were treated with 
Sustained-Action My-B-DEN, 20 mg. intramus- 
cularly, three times weekly. The incidence of 
improvement in symptoms and signs was: pruri- 
tus, 97%; pain, 82%; erythema, 88%; edema, 
82%; scaling, 88%. Healing of the ulcer oc- 
curred in 19 cases. No local ill-effects or systemic 
reactions were encountered. After My-B-DEN 
therapy was started, the customary “supportive” 
measures, except elastic bandages, were discon- 
tinued and patients were encouraged to maintain 
their usual daily routines. Three secondarily in- 
fected cases received short courses of penicillin 
therapy. Muscle adenylic acid therapy, followed 
by surgery when necessary, is advocated as 


standard procedure for permanent improvement 
or healing of chronic complications of varicose 
veins and for reducing prolonged hospitalization. 


In acute thrombophlebitis encouraging results 
were obtained in the five patients treated with 
Sustained-Action My-B-DEN, 20 mg. intramus- 
cularly, daily for eight to fourteen days. In one 
patient with bilateral leg involvement, signs and 
symptoms subsided within eight days following 
the addition of my-B-DEN to the treatment: this 
patient had received anticoagulants, antibiotics 
and supportive therapy without apparent relief. 
Boller, R.; Rottino, A., and Pratt, G. H.: Therapeutic Action 
of Muscle Adenylic Acid on Ulcers and Dermatitis Associated 


with Varicose or Phlebitic Veins; Follow-up Report, Angiology 
3:260, 1952. 


The following papers referring to adenylic acid, muscle adenylic acid, and adenosine-5-monophosphate are all based 
on Bischoff’s My-B-DEN and its use in varicose vein complications: 
Lawrence, E. D.; Doktor, D., and Sall, J.: Muscle Adenylic Acid: A Clinical Study of Its Effect, Angiology 2:405, 1951. 


Rottino, A.: Boller, R., and Pratt, G. H.: Therapeutic Action of Muscle Adenylic Acid on Ulcers and Dermatitis 
Associated with Varicose or Phlebitic Veins; Preliminary Report, Angiology 1:194, 1950. 


A complete bibliography on the use of MyY-B-DEN in various conditions available on request. 


| intramuscular: Sustained-Action (10-cc. vials) 
available dosage forms: | and aqueous (1-cc. ampules) , 
oral: sublingual tablets (20’s, 50’s, 500’s) 


Bischoff 


ERNST BISCHOFF COMPANY, INC « IVORYTON, CONN. 


pioneers in adenylic acid therapy 


| 
: 
’ 
. 


NO INTERFERENCE 


WITH AN ACTIVE 


USEFUL LIFE... 


/ 
/ 
4 


VERILOID 


IN HYPERTENSION 


Because Veriloid exerts its hypotensive effect by direct action on the 
central nervous system without adrenergic or ganglionic blockade, it 
leaves the normal reflex mechanisms intact for physiologic blood pres- 
sure regulation. Hence the patient receiving Veriloid never suffers 
prostrating orthostatic drop in blood pressure. Even long periods of 
standing, as might be necessary when riding to and from work, or 
long periods of standing upright in a telephone booth, hold no risk of 
syncope due to extreme postural hypotension.’ 


Veriloid lowers blood pressure by peripheral arteriolar dilatation 
without significant impairment of renal, myocardial, or cerebral blood 
flow. Hence it holds no threat of ischemia or functional impairment of 
these vital organs. Consequently, Veriloid therapy does not limit the 
patient’s activity by causing sudden anuria or reduced work tolerance. 
On the contrary, patients receiving Veriloid report a greater sense of well- 
being and prompt disappearance of their distressing visual and cerebral 
symptoms. Because of its desirable behavior, Veriloid is capable of 
restoring a high percentage of hypertensive patients to economic use- 
fulness without aggravation of the usual concomitants of high blood 
pressure.* * 


The usual daily requirement of Veriloid is 9 to 15 mg. given in 
divided dosage three times daily, every 6 to 8 hours. The first dose 
should be taken after breakfast. The evening dose may be 1 or 2 mg. 
larger than the other two doses of the day. 


Veriloid is available in scored 1, 2, and 3 mg. tablets. 


. Stutzman, J. W., and Maison, G. L.: 4. Wilkins, R. W.: Veratrum Viride and 


Hypotensive Action of Veriloid, an Ex- 
tract of Veratrum Viride, Federation 
Proc. 9:318 (Mar.) 1950. 


. Taylor, R. D., and Page, I. H.: Further 
Studies of the Cerebral Chemo- receptor 
Buffers as Influenced by Vasoconstrictor 
and Vasodilator Drugs and Veratrum 
Viride, Circulation 4:184 (Aug.) 1951. 


. Wilkins, R. W.: The Hemodynamic Ef- 
fects of Various Types of Therapy in 
Hypertensive Patients, in Bell, 7 
Hypertension, A Symposium, Minne- 
apolis, Univ. Minnesota Press, 1951,p.405. 


Essential Hypertension, New England 
J. Med. 242:535 (Apr. 6) 1950. 


. Kauntze, R., and Trounce, J.: Treat- 


ment of Arterial Hypertension with Veri- 
loid (Veratrum Viride), Lancet 2:1002 
(Dec. 1) 1951. 


. Stearns, N. S., and Ellis, L. B.: Acute 


Effects of Intravenous Administration of 
a Preparation of Veratrum Viride in 
Patients with Severe Forms of Hyper- 
tensive Disease, New England J. Med. 
246:397 (Mar. 13) 1952. 


RIKER LABORATORIES, INC., 8480 Beverly Bivd., Los Angeles 48, Calif. 


/\ /\ 


senile vaginitis 


Estrogenic problems present many facets — 
all are amenable to treatment with... 


24 di(p-bydroxyphenyl)-3-cthyl hexane CLINICALLY EFFECTIVE: Prolonged beneficial effects are obtain- 
SS able with BENZESTROL. BENZESTROL is effective orally, whereas 


natural estrogens lose a large proportion of activity when adminis- 
tered by mouth. 


CLINICALLY ECONOMICAL: Therapeutically comparable doses 


lied of BENZESTROL are much less expensive than natural estrogens, 
au te 
mel bed TABLETS NON-TOXIC: Clinical studies have proved that BENZESTROL 
pra — ln. when administered in therapeutically effective doses, is singularly 
2.0 mg. (orange) 50's, 100%s & 1,000's free from undesirable, toxic, side reactions’. . . as exhibited with 
5.0 mg. (pink) 50°s, 100"s & 1,000's 

TABLETS w/ Phenobarbital some other synthetics. 

(yellow) 


1 mg. Benzestrol with 15 mg. (1 er.) AVERAGE DOSE: Menopause — 2 to 3 mg, daily, orally; or 14 to 1 
soa sil cc. parenterally, every 3 to 5 days, 
ELIXIR 


15 mg. per fl. on. Pint bottles Control of Breast engorgement—5 mg. orally, 3 or 4 times for 5 to 6 days. 
SOLUTION in on Generous 2 mg. oral professional samples and complete literature on 


10 ce. vials request, © 


me. ce. 

Rel : 1, Hufford, A.R.: J.A.M.A, 123:259 (1943 
Talisman, M.R.: Amer, Jrl. Obst. & 46:146 (1943) 
5 mg. per ec. 10 ce. vials tein 


VAGINAL TABLETS, a> Schiofelin & Ca. vm 


Phormecevticel end Reseorch Loboretories 
wet council eccepied. 18 Cooper Squore. New York 3, Y. 


24 
an 
breast engorgement ee 
x 


—— 


amore soluble, single sulfonamide 
with a wider antibacterial 
spectrum. No need for 

alkalies ~- no record of renal 


blocking... GANTRISIN®! ROCHE! 


the 
— 


"Gantrisin is a sulfonamide 
which has a high solubility 
over a wide pH range. 

This is a valuable 
consideration because it is 
less toxic and does not 
form concretions a do 


other sulfonamides." 


Postgrad. Med., 
8: 312, 1950 


= 
| 

| 
| 


The Prescription for 


as 


edation 
Combined/ 
analgesia 


when pain, anxiety, and restlessness 
aggravate each other. 


Each compressed product contains: 


Phenobarbital 
Acetophenetidin 
Aspirin 


Bottles of 100 


*trademark 


‘BE BURROUGHS WELLCOME & CO. (U.S.A.) INC. TUCKAHOE 7, W. Y. 


25 
= 
Empiral 


Wes patient outloc 
value in dysmenorrhea, 
in, neuralgia, neuritis, 


iating treatment 
Department, 


26 
_ ANALGESIC ANTI-DEPRESSANT RELAXIN 
scoges iC | Significantly superior ite ¢ : anc : : 
reduces 
prescription only. Suoply for inkl 


Converd the case of menopause 
ane Cady ONE. 


PROGYNON-B 


The menopausal patient with severe estrogen deficiency 
symptoms — the so-called “difficult case” — requires large 
doses of the natural hormone, estradiol, for ameliora- 
tion of symptoms. ProcyNon-B® (Estradiol Benzoate 
U.S.P.) supplies the primary ovarian hormone in 

high potency for speedy relief. Injected intra- 
muscularly, it initiates dramatic improvement 

rapidly and converts the difficult case to an 

easy one. Concentrations as high as 3.33 

mg. per cubic centimeter (200,000 


I.U.) are available for treatment of chetiing 


these so-called “difficult cases. BLOOMFIELD, NEW JERSEY 


In Canada: SCHERING CORPORATION, LTD., MONTREAL 


‘ 
a 
49 


THE DIURETIC 


NEOHYDRIN 


a product of 


akeside 
eadershiip tr diuretic 


e eliminates dependence on xanthines, ammonium chloride, 
resins, aminophylline and other less effective tablets 


e reduces dependence on injections 
e permits more liberal salt intake 
e maintains steady fluid balance 


STRADEMARK APPLIED FOR 


prescribed 
te 


for al 
NEOHYDRIN 


TABLETS THAT WORK—« 


lifetime therapy— 
NEOHYDRIN helps keep the cardiac patient in fluid and electrolyte balance for his 
lifetime — a lifetime that might be impossible without such control of water and 


salt metabolism. 


day in, day out diuresis— 

NEOHYDRIN daily, maintains a steady, uninterrupted diuresis. This allows more 
liberal salt intake which benefits the patient psychologically. Even more important, 
liberalized salt intake permits the daily physiologic intake and output of sodium 
required by the body and safeguards against salt depletion. 


prescribe NEOHYDRIN when indicated in 


® Congestive heart failure e Dyspnea of cardiac origin 

e Recurring edema and ascites e Arteriosclerotic heart disease 

e Cardiac asthma e Fluid retention masked by obesity 

e Hypertensive heart disease e And for patients averse to their low-salt diet 


how to use this new drug 


Maintenance of the edema-free state has been accomplished with as little as one NEOHYDRIN 
Tablet a day. Often this dosage of NEOHYDRIN will obtain per week an effect comparable to a 
weekly injection of MERCUHYDRIN.© When more intensive therapy is required one tablet or more 
three times daily may be prescribed as determined by the physician. 

Gradual attainment of the ultimate maintenance dosage is recommended to preclude gastroingeiiilinel 
upset which may occur in occasional patients with immediate high dosage. Though sustained, the 
onset of NEOHYDRIN diuresis is gradual. Injections of MERCUHYDRIN will be initially necessary in 
acute severe decompensation. iin 
NEOHYDRIN is contraindicated in acute nephritis. fo 

Any patient receiving a diuretic should ingest daily a glass of orange juice or other niece acy 


source of potassium, 


packaging Bottles of 50 tablets. There are 18.3 mg. of 3-chloromercuri-2- wpethoay-pegpyiytes 
in each tablet. 


INC., MILWAUKBE i, WISCONSIN 


LIKE AN INJECTION 
a ~ 
4 


dermatoses 
eczemas 


external 
ulcers 


diaper rash 


new, effective, faster, safer treatment 


anthoderm 


first and only topical therapy to contain panthenol 


CLINICALLY EFFECTIVE — new studies!.2 show that topical panthenol 
‘analog of pantothenic acid) ‘‘favorably influenced the course of various 
ulcerative and pyogenic dermatoses. A majority healed and many 
showed various degrees of improvement.’’ Even long standing con- 
ditions resistant to other therapy seem to respond to Panthoderm 
Cream which... 


e relieves pain and itching 


¢ promotes granulation and healing 


PLEASANT TO APPLY — non-staining, smooth-spread- 
ing; nontoxic, relatively non-sensitizing. 


2 oz. and 1 Ib. jars 


Samples and reprints!.2 on request 


U.S. VITAMIN CORPORATION 


Casimir Funk Laboratories, Inc. (affiliate) 
250 East 43rd St., New York 17, N. Y. 


30 


Cer-O-Cillin 


"Upjohn. 


For those patients in whom penicillin 
G causes sensitivity reaction, Cer-O- 
Cillin provides the same antibiotic 
‘Upjohn researchers developed Cer-O- 
Ciilin (penicillin QO) by replacing the : 
| benzyl group of penicillin G with ar 
ing penicillin therapy available to | 
For action without reaction .. . 
jor medicine... produced with care...designed for health 


children like 


Easy-to-Take Antibacterial 
for Infections in Children 


When hypos frighten and tablets stick in re- 
luctant throats, both child and parent wel- 
come palatable Suspension ‘Neopenzine.’ In 
it the three “ideal’’ sulfonamides are com- 
bined with penicillin—G to provide broad- 
spectrum antibacterial action. The usual 
twenty-four-hour dose (one teaspoonful four 
times a day) provides 800,000 units of peni- 
cillin—G and 2 Gm. of the “diazine” sulfona- 
mides. If the urinary output is normal, no 
alkalies are necessary. Prescribe the 60-cc. 
potency-protector combination package— 
available at pharmacies everywhere. 


Eli Lilly and Company 
Indianapolis 6, Indiana, U.S.A. 


(approximately one teaspoonful) contain: 
Penicillin—G, Crystalline- 
Potassium (Buffered) 200,000 units 
*Diazine” Sulfonamides........ . 0.5 Gm. 
(Sulfa: Diazine-Merazine-Methazine, 
of each, 0.167 Gm.) 


SUSPENSION 4 


- 


copenzine 


(PENICILLIN WITH SULFONAMIDES, LILLY) 


ee ee 
ee ee 
eee eevee ee eee ee 
eee 
ese 
eee eee 
eee eee eee 
eee 
ee 
eee eevee eee ee ees 
eeeeeeeee eee eee 
eee se eee eeeeeee ea ee 
eee ee eee 
eve eee 
eee 
ees 
eeeeeeeee eee ce 
eee 
eee ee 
sees 
ees 
eeeeeeee ees 
ees 
see 
eseeee ee 
ees ee 
ee 
eee e eee eees 
eeeeeeeeees 
eer 
eeseeeeeees 
eeeeeveeee eee 
eeeeeeee eee se 
eee se 
/ 
eevee 
eee 
@eeeeeeeee ee 
ses 
eeeeeeeee ees 
33 
eeeeeeee see 
es 
sd 
sd 
sees 
eer 
ce 
ee 
eeeeeeoeee ee @ 
eeeeeeeeees 
eeeeeeee ses 
ee 
eeeeeeeeees 
ce 
— esd 
« 
eevee eee & ee 
ee ee ¥ eee ee eee eee 
eee ees 
se 


The American Journal of Medicine 


VoL. XIII 


OCTOBER, 1952 


No. 4 


Fainting 


UDDEN temporary loss of consciousness has 
always been of interest to the physician. 
Syncope may be a symptom of little sig- 

nificance or it may be of extreme importance. 
Soma Weiss wrote a classic review of this subject 
in Oxford Medicine in 1939.! It is worth while 
to review the additions and changes in emphasis 
that he would make to this article if he were 
rewriting it in 1952. 

Much has been added to our knowledge of the 
circulatory changes in the common faint. In 
the horizontal position the striking fall in 
arterial pressure is accompanied by a marked 
redistribution of blood flow. The skin flow falls 
to nearly zero and the muscle flow rises.” 
The cardiac output may show little change, 
indicating that the fall in blood pressure is the 
result of over-all arteriolar dilatation.?* Heart 
action is, however, actually inhibited because 
ordinarily a fall in arterial pressure serves as a 
stimulus to increase the output. It is assumed 
that this inhibition is neurogenic in origin. 
Right atrial pressure may not change during 
the fall in arterial pressure.’ 

More emphasis is now placed on the role of 
hyperventilation in setting the stage for vaso- 
depressor syncope (common faint). In the 
recumbent position overbreathing will lead to 
changes in mental status but does not usually 
cause unconsciousness. In the upright position 
it acts frequently as the trigger mechanism to 
set off the vasodepressor reaction characteristic 
of the common faint. Hyperventilation may be 
of importance in the fainting that occurs on 
exertion with any severe form of congestive 


1 Weiss, S. The Oxford Medicine, vol. 2, p. 250. 
Edited by H. A. Christian. New York and London, 1949. 

2 Barcrort, H. O., EpHoitm, O. G., McMicuaet, J. 
and SHARPEY-ScuHaFER, E. P. Lancet, 1: 489, 1944. 

3 WarRREN, J. V., BRANNON, E. S., Steap, E. A., JR. 
and MerRILL, A. J. J. Clin. Investigation, 24: 337, 1945. 

4 ENGEL, G. L., Ferris, E. B. and Locan, M. Ann. Int. 
Med., 27: 683, 1947. 
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heart failure, or with severe aortic stenosis 
without overt failure. 

The common faint is the result of a widespread 
stimulation of both the sympathetic and para- 
sympathetic systems. The afferent stimuli may 
be from the emotional content of thought or 
from any sensory nerve. The sweating, pallor, 
nausea, dilated pupils, increased intestinal 
activity, slow pulse and fall in arterial pressure 
are all symptoms of this widespread stimulation 
of the autonomic nervous system. The fall in 
arterial pressure does not produce these symp- 
toms as they may all be present before the 
arterial pressure falls. Actual loss of conscious- 
ness while the patient is standing does seem to 
result from cerebral ischemia secondary to the 
hypotension. The decrease in urine output is 
caused by neurogenic discharge of antidiuretic 
hormone by the postpituitary gland.® It is 
possible that the antidiuretic hormone concen- 
tration may be increased sufficiently to account 
for some of the intense skin vasoconstriction, but 
no observations are available on this point. 

Rarely, a pregnant woman faints whenever 
she lies flat on her back.*:7 No symptoms appear 
when lying on her side. This reaction probably 
represents a summation of two events: (1) 
stimulation of sensory pathways in the abdomen 
by weight of the uterus, and (2) pooling of blood 
in the lower extremities because of the uterus 
pressing on the inferior cava. 

Neurogenic postural hypotension of a major 
degree has become more common. Diabetic 
neuropathy is now the most common cause. In 
the diabetic patient the disturbance is of two 
types: (1) lack of arteriolar constriction when 
the patient stands in the upright position lead- 


5 Brun, C., Knupsen, E. O. E. and Raascuou, F. 
J. Clin. Investigation, 25: 568, 1946. 

6 CLEMETSEN, A. N. Nord. med., 37: 422, 1948. 

7Streap, E. A., Jr. Signs and Symptoms, 2nd ed., 
pp. 436-448. Philadelphia, 1952, J. B. Lippincott Co, 
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ing to a low peripheral resistance and a relatively 
normal cardiac output; (2) lack of venous con- 
striction leading to a low cardiac output with 
normal peripheral resistance.* Neurogenic pos- 
tural hypotension, even when severe enough to 
cause loss of consciousness, is not usually ac- 
companied by the signs of generalized over- 
activity of the autonomic nervous system 
characteristic of the common faint. This is 
further evidence that the symptoms of the faint, 
except for the loss of consciousness, are not the 
result of the hypotension produced by the 
arteriolar dilatation. 

Fainting in tetralogy of Fallot is now better 
understood. Exercise increases the removal of 
oxygen in the muscles and causes markedly 
unsaturated venous blood to enter the right 
heart. A portion of this black blood passes 
through the shunt to the left ventricle and out 
to the body. As the blood flow through the 
lungs is little increased, the arterial oxygen 
saturation drops rapidly and the patient loses 
consciousness from cerebral anoxia. The anoxia 
is produced by the marked arterial oxygen 
unsaturation and not by a reduction in cerebral 
blood flow. 

The syndrome of pulmonary hypertension 
due to pulmonary arterial disease is frequently 
accompanied by fainting.* These subjects on 
exercise are unable to increase their cardiac 
output, become fatigued, gray and lose con- 
sciousness. Syncope may or may not be associ- 
ated with changes in cardiac rhythm. It is 
interesting to speculate on whether, in addition 
to a reduced cerebral blood flow, respiratory 
alkalosis is important in these patients. Many 
of them have good function of the lungs as a 
bellows and little disease of the alveolar and 
capillary walls. The marked overbreathing 
produced by light exercise should cause a 
marked lowering of CO: content of arterial 
blood and a rise in pH. Actual measurements 
are needed to clarify the magnitude of such 
changes. 

The incidence of tussive fainting has in- 
creased as we have asked more patients whether 
they ever lose consciousness with coughing. 
Tussive fainting is produced by the same mecha- 
nism that children use to produce unconscious- 
ness. When one compresses the thorax of a 
subject who has taken a deep breath and has 
closed his glottis, circulation is blocked because 
of the high pressure produced in the thorax 

® Hickam, J. B. and Pryor, W. W. J. Clin. Investiga- 


tion, 30: 401, 1951. 
® Dresser, W. Am. J. M. Sc., 223: 131, 1952. 


and syncope occurs. If one has a disease which 
prevents rapid emptying of the thorax, a 
paroxysm of coughing may build up high enough 
intrathoracic pressure to prevent normal circula- 
tion within the thorax and syncope may occur.!° 
Thisetype of faint is frequently seen in severe 
emphysema and obstructive lesions of the trachea, 
such as aneurysms and tumors. It is occasionally 
seen in patients with hysteria who close the 
glottis and bear down hard. 

We used to think that the sudden loss of 
consciousness in patients with paroxysmal 
tachycardias was commonly the result of a low 
cardiac output secondary to a reduced diastolic 
filling time. Better history-taking has shown that 
in some instances the loss of consciousness occurs 
either at the beginning or end of the attack." 
Cardiac standstill just before the abnormal 
rhythm begins or as it stops is probably the more 
common cause of the syncope. 

With the advent of modern cardiac surgery, 
more attention is paid to the possibility of 
pedunculated tumors or ball valve thrombosis 
as causes of sudden loss of consciousness. If 
mitral stenosis is present, sudden loss of con- 
sciousness always raises the question of a ball 
valve thrombus. Signs of pulmonary hyperten- 
sion and left auricular enlargement without 
the rest of the picture of mitral stenosis raises 
the question of a tumor of the auricle. If it is 
pedunculated, syncope may occur. 

In the last few years the importance of COz 
retention as a cause of confusion and loss of 
consciousness has been better appreciated. 
Patients in respirators and those with advanced 
pulmonary disease may have confusion and 
stupor as the basis of CO» retention. Of particu- 
lar interest is the unfavorable effect of oxygen on 
some of these patients with CO: retention and 
marked arterial oxygen unsaturation. In these 
patients the reduced oxygen tension is serving 
in a large part as the stimulus to maximal 
ventilatory effort and, in spite of this, CO» 
tension is already greatly elevated. On breath- 
ing high concentrations of oxygen in the in- 
spired air, the arterial oxygen tension rises, the 
ventilating volume decreases as the anoxic 
drive ceases and acute COs: poisoning occurs 
with stupor, coma and eventually death.!?:18 

EuGENE A. STEAD, JR., M.D. 


10 McCann, W. S. Arch. Int. Med., 84: 845, 1949. 

11 Comeau, W. J. New England J. Med., 227: 134, 1942. 

12 Mot ey, H. L. Bull. New York Acad. Med., 26: 479, 
1950. 

13 Hickam, J. B., Smzker, H. O., Pryor, W. W. and 
Ryan, J. M. North Carolina M. J., 13: 35, 1952. 
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of Treatment Failure with Penicillin’ 
I. Group A Streptococcal Infection in Mice 


Harry EAGLE, M.D. 
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VEN large dosages of penicillin continued 
for long periods of time may sometimes 
fail to effect cure in infections caused by 

organisms which, judged by their in vitro sensi- 
tivity, should have been readily controlled. Some 
of these failures may reasonably be attributed 
to the fact that the drug does not attain the 
effective concentration in a walled-off, sup- 
purating or necrotic focus, or in a cavity into 
which the drug can diffuse only slowly and to a 
limited degree. In others, the causative organ- 
ism can be shown to have become resistant to 
the drug during its prolonged administration. 
In many cases, however, the treatment failure 
cannot be so simply explained. Thus in subacute 
bacterial endocarditis, although 100 per cent 
“cure” has been observed in several small series 
of cases,!:? usually from 10 to 40 per cent of the 
patients are not cured even when large doses of 
penicillin are given over a period of many 
weeks.*-* The treatment failures observed in 
early syphilitic infection are even more sur- 
prising. It is true that Treponema pallidum is 
killed rather slowly by penicillin.*~1! It is, how- 
ever, one of the most sensitive organisms yet 
studied in terms of the minimal effective con- 
centrations. As little as 0.002-0.005 yg. of 
penicillin per cc. has been estimated to exert a 
definite if slow treponemicidal effect both in 
vitro? and in vivo.!° 1! Nevertheless, from 5 to 
15 per cent of the cases of primary or secondary 
syphilis are not cured on any schedule of treat- 
ment yet tried, using either aqueous penicillin 
or procaine penicillin in oil with aluminum 
monostearate, and including schedules in which 
treatment is extended over a period of one to 
eight weeks, with a total of up to 9.6 million 
units.!2-'6 In leptospiral infections although the 


organism is sensitive in vitro to concentrations 
of 0.1 units-penicillin per cc.,!’ the therapeutic 
results, particularly in the later stages of the 
disease, have been disappointing.'* 

The present paper represents an attempt to 
study in experimental streptococcal infections 
of mice some of the factors which may be re- 
sponsible for these paradoxical treatment fail- 
ures. It had previously been shown!®:”° that in 
the experimental animal, the larger the inoculum 
of pneumococci, streptococci or Treponema 
pallidum, the larger were the single dosages of 
penicillin required to effect cure, i.e., the longer 
the time for which the drug had to be provided 
at effective levels. Similarly, the longer the time 
which was allowed to elapse between inocula- 
tion and treatment, the larger was the curative 
dose of penicillin. In large part, the latter 
phenomenon reflects the multiplication of the 
organisms in the interval between inoculation 
and treatment. However, in mice inoculated 
with group A or group B streptococci, if twenty- 
four hours were allowed to elapse between 
inoculation and treatment, no single dose of 
aqueous penicillin even up to the toxic range 
then sufficed to effect cure.'? As will be shown, 
the latter treatment failures are not due merely 
to the large number of organisms present in the 
infected host. Additional factors supervene in 
the older infection to reduce the bactericidal 
action of the drug to a striking degree. 


METHODS AND MATERIALS 


The strain of organism used in these studies 
was the group A C-203 strain. f Its virulence was 


} This was typed by Dr. Rebecca Lancefield and 
found to have the M antigen of type 3 and the T antigen 
of type 1. Her assistance is gratefully acknowledged. 


* From Section on Experimental Therapeutics, National Microbiological Institute, National Institutes of Health 
(Public Health Service, Federal Security Agency), Bethesda, Md. 
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kept at a high level throughout the duration of 
these studies by passage through mice repeated 
two to three times weekly. The organisms 
were grown on beef heart infusion broth en- 
riched with 2 per cent horse blood. No more 
than one test tube transfer intervened between 
the isolation from the mice and the use of the 
culture in the experiment, and cultures were 
less than four hours old. The number of organ- 
isms inoculated was controlled by darkfield 
microscopic count (with a simultaneous de- 
termination of the number of organisms per 
chain), and was checked by plating out in blood 
agar. When indicated, chains were broken up 
by grinding the culture or culture-dilution in a 
Waring blender for thirty seconds. Mice weigh- 
ing 17.5 to 22.5 gm. were inoculated into the 
thigh muscle of the hind leg. Treatment, whether 
with aqueous sodium penicillin or procaine 
penicillin in oil * gelled with 2 per cent aluminum 
monostearate, was also given intramuscularly 
in the opposite leg or in the front shoulder 
muscle. Volumes of inoculum and of drug were 
0.1 to 0.2 cc. The dosages of the procaine salt 
have been expressed as mg./kg. of the sodium 
salt, assuming 1,667 units = 1 mg. To estimate 
the number of organisms surviving in the mus- 
cle the skin was dissected away, the muscle and 
bone were removed aseptically, placed in 50 cc. 
of 2 per cent blood broth and emulsified for 
one and one-half minutes in a Waring blendor. 
Three cc. of this emulsion were used in plating, 
and when large numbers of organisms were 
anticipated, serial 40-fold dilutions were simi- 
larly plated. In determining mortality the 
experimental animals were kept for observa- 
tion} for twenty-one days. 


EXPERIMENTAL 


Effect of the Age of the Infection on the Rate of 
Bactericidal Action of Penicillin in Vivo. When 
mice were inoculated intramuscularly with a 
small number of group A streptococci, the 
number of organisms in the muscle at first 
rapidly increased. In one experiment (open 
circles in Fig. 1) a median number of 590 
colonies were recovered from the muscle im- 
mediately after inoculation with 1,000 organ- 


* T am indebted to the Bristol Laboratories, Syracuse, 
N. Y., for the large supply of the gelled peanut oil used 
in these experiments. 

+ The assistance of Mr. Ralph Fleischman and 
Miss Mina Levy in these experiments is gratefully 
acknowledged. 
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isms. In three hours this had increased to a 
median level of 10,000 organisms, after six hours 
to 225,000 and after nine hours to 5,000,000. 
Only a moderate increase was noted in the 
following fifteen hours, with a median number 
of 6 and 40 million organisms in the muscle at 
the twelfth and twenty-fourth hour, respectively. 

At each of these time periods groups of mice 
were treated with a single dose of procaine 
penicillin in oil with aluminum monostearate, 
0.1 cc. of a suspension containing 5,000 units 
per cc. Subgroups were then sacrificed one, two, 
four and eight hours after treatment, and the 
inoculated muscle emulsified and subcultured 
to determine the number of residual viable 
organisms. The effects of treatment are shown 
by the solid circles of Figure 1. 

In the first six hours of the infection (sections 
A and B), during which the number of organ- 
isms in the muscle was rapidly increasing but 
had not yet exceeded 10°, penicillin exerted a 
rapid and striking bactericidal effect. Within one 
hour after treatment the number of organisms 
in the muscle had decreased by a factor of 2 to 
3 logs, and within two hours by a factor of 
approximately 4 logs, i.e., down to 1/10,000th 
of the original number. Corresponding to this 
rapid bactericidal effect there were no deaths 
in groups of ten mice treated three or six hours 
after inoculation. 

A quite different result was observed when 
treatment was delayed until the twelfth hour of 
the infection (section C in Figure 1), when the 
number of organisms in the muscle had in- 
creased to a median of 6,000,000. The same dose 
of penicillin which had previously effected rapid 
sterilization now exerted only a slow and irregu- 
lar bactericidal effect. Even eight hours after 
treatment the muscles still harbored from 300 
to 5,000,000 viable organisms. A qualitatively 
similar effect was observed when mice were 
treated twenty-four hours after the infection 
(section D). Only in approximately one-fourth 
of the latter animals did penicillin exert a 
definite bactericidal effect, and in the others 
the number of organisms did not change signifi- 
cantly after treatment. The mortality in animals 
treated twelve and twenty-four hours after 
inoculation was 9/12 and 5/10, respectively, not 
significantly different from that observed in 
untreated controls (26/30). 

The markedly retarded bactericidal action of 
penicillin in the older infections was shown again 
in the experiment of Figure 2 which, in the same 
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animal, contrasts the effect of the aqueous 
sodium salt in freshly inoculated muscles and in 
muscles inoculated twenty-four hours previously. 

It was apparent from these and many similar 
experiments that in the freshly inoculated ani- 
mal penicillin exerted a rapid bactericidal 


Action of Penicillin in Older Infections. A number 
of possible explanations were considered for the 
altered therapeutic response observed in older 
infections: 

1. Impaired host 


participation: Conceivably, 


the therapeutic action of penicillin may involve 


NUMBER OF ORGANISMS SURVIVING IN MUSCLE 


\ 


| 


12 
TIME 


24 


IN HOURS AFTER INOCULATION 


Fic. 1. The effect of the age of the infection on the therapeutic efficacy of penicillin in a streptococcal infection of 
mice. Mice were inoculated into a hind leg muscle with 1,000 group A streptococci (microscopic count) contained 
in 0.1 cc. Three, six, twelve or twenty-four hours later separate groups of animals were treated intramuscularly 
(indicated by | in figure) with 0.1 cc. of procaine penicillin in oil with 2 per cent aluminum monostearate, at 
5,000 units/cc. (25,000 units/kg.). The open circles in the figure show the number of organisms in the muscle at 
the time of treatment; the solid circles show the effect of treatment. Immediately before the twenty-four hour treat- 
ment a number of animals were re-inoculated into the opposite leg with 20,000 organisms. The effect of treatment 
on the number of organisms surviving in that leg muscle [(®—(x-x)] i is to be contrasted with the effect in the leg 


inoculated twenty-four hours previously [©)—(o-0)]. 


Time between inoculation and treatment: (A), 3 hours; (B), 6 hours; ©), 12 hours; (), 24 hours; 
Mortality after twenty-one days: (A) ,0/10; @), 0/10; ©, 9 /12; (D), 5 71 10; controls, untreated, 26/30. 


action, effecting sterilization and cure in a 
period of one and one-half to six hours (depend- 
ing on the number of organisms inoculated), 
while in animals treated twelve and twenty-four 
hours after inoculation a single injection of pro- 
caine penicillin in oil with monostearate or 4 
injections of the sodium salt no longer sufficed. 
Its bactericidal action was now so slow that 
daily treatment with the procaine suspension 
had to be continued for a period of six to eight 
days in order to effect sterilization and cure. 
(cf. Table 1.) 

Possible Explanations for the Retarded Bactericidal 
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the participation of as yet unidentified host 
factors, and that host participation might be 
curtailed in the sick animal with an older infec- 
tion. This possibility seemed unlikely in view 
of the evidence”!:*” that in most experimental 
infections the therapeutic action of penicillin 
rests primarily on its direct bactericidal action, 
and continues for just as long as the drug remains 
at effective concentrations at the focus of 
infection. 

In the present experiments the possibility that 
a systemic host factor had been impaired in the 
older infection was excluded by the fact that 


| 
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when mice which had been infected twenty-four 
hours previously were re-inoculated in the 
opposite leg immediately prior to treatment, 
the bactericidal action of the drug was promptly 
manifest in the freshly inoculated muscle, but 
was not apparent in the muscle inoculated 


TABLE I 
TIME REQUIRED TO EFFECT CURE WITH PENICILLIN IN 
ESTABLISHED STREPTOCOCCAL INFECTIONS IN MICE * 


No. of Daily 
‘Treatments 
with 

Penicillin | 


No. of Viable Organisms 
Surviving in the 


Muscle 


Mortality 


| 125,000,000 6,700,000 
| 107,000,000 4,500,000 
| 93,000,000 4,100,000 
| 8,600,000 4,000,000 


| 51,000,000 5,400,000 
| 21,000,000 5,300,000 
6,800,000 400,000 


1200, 250, 50, 33, 17, 0 


0, 0, 0, 0, 0, 0 0/19 


12 0/17 


* Mice were inoculated intramuscularly with 20,000 
organisms. Twenty-four hours later, the animals were 
treated in the opposite leg with 0.15 cc. of procaine peni- 
cillin at 10,000 units per cc.; and this treatment was 
continued daily for the periods of time indicated in the 
table. 

+ The mice subcultured after only one treatment with 
penicillin were tested three days after the injection of the 
drug. The other groups were subcultured twenty-four 
hours after the last treatment indicated. 


twenty-four hours previously (contrast sections 
D and E in Figure 1, and contrast the open and 
closed circles in Figure 2). 

2. Number of organisms: The possibility that 
the striking decrease in the rate of bactericidal 
action of penicillin in the older infection might 
rest primarily on the large numbers of organ- 
isms then present was controlled by inoculating 
mice with varying numbers of organisms and 
then treating immediately. As shown in Figure 3, 
when the inoculum was so varied from 10,000 to 
50,000,000 organisms, there was no demonstrable 
effect on the rate of bactericidal action of peni- 


cillin. On the other hand, when animals were 
allowed to go for twenty-four hours before 
treatment, there was the usual striking reduction 
in the rate of bactericidal action of the drug, this 
despite the fact that the muscle at the time of 
treatment contained fewer viable organisms than 
some of the freshly inoculated muscles success- 
fully treated the day before. In another type 
of experiment (cf. Fig. 5) when a large number 
of organisms was inoculated, the bactericidal 
action was rapid when the mice were treated 
immediately or one and one-half hours after 
inoculation. However, if treatment was delayed 
for three hours, the therapeutic effect of peni- 
cillin was strikingly reduced, this despite the 
fact that there had been only an insignificant 
degree of multiplication in the intervening one 
and one-half hours. It seemed clear that the 
number of viable organisms per se was not the 
factor responsible for the relative inefficacy 
of penicillin in the older infections. 

3. Diffusion of penicillin into the muscle: The 
possibility was considered that in the older in- 
fections, when there had been considerable 
inflammation, the diffusion of penicillin into 
the muscle might have been reduced to the 
degree that the concentration at the focus of 
infection was less than that necessary to kill the 
organism at the maximal rate. A priori, this 
seemed improbable because of the extreme 
sensitivity of this particular strain of streptococ- 
cus to penicillin.** A concentration of as little as 
0.004 ug./cc. exerts a definite bactericidal action 
in vitro, 0.008 ug./cc. sterilizes suspensions con- 
taining 1 to 10 million organisms/cc., and 0.064 
ug./cc. kill the organisms at the maximum rate. 
To study the factor of diffusion directly animals 
were inoculated with 10* organisms and treated 
twenty-four hours later, either with a single 
intramuscular injection of procaine penicillin at 
45 mg./kg. (0.15 cc. of a suspension containing 
10,000 units/cc.) or with aqueous sodium peni- 
cillin at 200 mg./kg., repeated every two hours 
for the duration of the experiment. At the latter 
dosage of aqueous sodium penicillin the serum 
concentration rises to a median peak of 200 ug. 
within fifteen minutes, and falls to a median 
level of only 2.5 ug./cc. after two hours.*4 For 
the duration of the entire experiment the serum 
concentration therefore remained in excess of 
1 ywg./cc. in most of the animals. In order to 
determine the concentration of penicillin in the 
muscle animals were exsanguinated by cardiac 
puncture fifteen minutes after the injection of 
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the drug, the inoculated muscle was removed, 
weighed, emulsified and its penicillin content 
assayed by a method previously described.” 
The muscle was found to contain 56 to 68 ug./ 
gm., 10,000 times the minimal effective con- 
centration, and some 50 to 100 times greater 
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area to effect a bactericidal action were the 
presence of drug the only limiting factor. In 
freshly inoculated mice, however, (0-0 and 
A-A in Figure 4), both preparations effected an 
equally rapid bactericidal action, sterilization 
and cure. 


NUMBER OF. ORGANISMS SURVIVING IN MUSCLE 


4 8 


12 24 


TIME IN HOURS AFTER TREATMENT 


Fic. 2. The effect of the age of the infection on the therapeutic efficacy of peni- 
cillin, contrasting, in the same animal, the bactericidal action of penicillin in a 
freshly inoculated muscle (0-0) and in a muscle inoculated twenty-four hours 
previously (@-@). Mice were inoculated into the left thigh muscle with 10° 
streptococci. Twenty-four hours later the opposite leg was inoculated with 
2 X 10° organisms, and the animals were immediately treated into a shoulder 
muscle with 0.15 cc. of aqueous sodium penicillin at 25 mg./cc. (188 mg./kg.). 
Treatment was repeated four, eight and twelve hours later. The contrasting 
therapeutic response in the two muscles is evident in the figure. 


than the concentrations afforded by the injection 
of procaine penicillin. Nevertheless, as shown 
by the solid points in Figure 5, these massive 
doses of sodium penicillin were no more ef- 
fective in the treatment of a twenty-four-hour 
infection than a single injection of the procaine 
salt in oil. It is true that the over-all penicillin 
concentration in the muscle does not necessarily 
reflect the concentration at a microscopic in- 
flammatory focus in which the capillaries may 
already have thrombosed. However, one may 
reasonably assume that if, immediately adjacent 
to such a focus, penicillin were present in a 
concentration 10,000 times the effective level, 
enough would eventually have diffused into the 
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4. The metabolic activity of the organisms as a 
factor conditioning the therapeutic action of penicillin 
to an important degree: It is well established that 
penicillin kills bacteria most effectively in vitro 
only if the bacteria are in an environment which 
permits their multiplication.?-*! The factor 
which determines the susceptibility of dividing 
bacteria to penicillin is probably not the actual 
continuing multiplication of the organisms, but 
rather the fact that they are actively metaboliz- 
ing a favorable medium. As was clearly shown 
by Chain and Duthie,*° if previously resting 
bacteria are placed in an environment con- 
ducive to growth and multiplication, the 
bacterial action of penicillin becomes evident 
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quickly before there had been a significant 
degree of multiplication. 

It is a reasonable surmise that in the experi- 
mental infection here studied the greatly reduced 
therapeutic activity of penicillin in the older 
infections is due to the fact that the organisms 


MICE TREATED IMMEDIATELY 
AFTER INOCULATION 


to the direct bactericidal action of penicillin. 
As the organisms continue to multiply, however, 
they probably exhaust the surrounding tissue of 
nutrilites faster than these can be supplied by 
the blood stream; and the inflammatory reac- 
tion which ultimately develops, with edema, 


MICE TREATED 24 HOURS AFTER INTRAMUSCU- 


LAR INOCULATION WITH 103 ORGANISMS 


SIZE OF INOCULUM 
- 5x10" 
@ - 108 
O - 10% 


NUMBER OF ORGANISMS SURVIVING IN MUSCLE 
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Fic. 3. Showing that the retarded action of penicillin on older streptococcal 
infections in mice is not due primarily to the larger number of organisms then 
present. Groups of animals were inoculated into the thigh muscle with 10‘, 10° 
and 5 X 107 organisms, and were then immediately treated with 0.15 cc. of 
procaine penicillin in oil and monostearate at 10,000 units/cc. In each group 
the number of organisms surviving in the muscle was determined one and one- 
half, three, six and ten hours after treatment. The rapid bactericidal effect 
uniformly observed in these animals (open circles on left side of figure), no 
matter how large the inoculum, is to be contrasted with the slow and irregular 
response observed in animals inoculated with 10* organisms but allowed to go 
for twenty-four hours before treatment (solid circles on right side of figure). 


are no longer metabolizing as actively in the 
inflammatory focus.* When a small inoculum 
is introduced into a muscle, it at first multiplies 
rapidly, with an average generation time of forty 
minutes (cf. Fig. 1), somewhat greater than that 
observed in a favorable medium in vitro. During 
this period of rapid multiplication and active 
metabolism the organisms are highly susceptible 


* The possibility that the inflammatory exudate as 
such may be inactivating the penicillin locally has not 
been wholly excluded by the experimental data here 
reported. However, this would fail to explain the fact 
that the susceptibility to penicillin decreases abruptly, 
coincident with an equally abrupt decrease in the net 
rate of multiplication, and the fact that the established 
infection is just as refractory to enormous concentrations 
of penicillin as it is to relatively small concentrations. 


(cf. Fig. 4.) 


tissue necrosis, cellular infiltration and capillary 
thrombosis, would accentuate this by limiting 
the diffusion of foodstuffs into the focus of infec- 
tion. The leukocytes in the inflammatory focus 
may compete with the bacteria for nutrilites, 
and the local accumulation of metabolic prod- 
ucts toxic to the bacteria would further reduce 
their metabolic activity. Presumably because of 
these various factors the rate of bacterial multi- 
plication is suddenly and sharply curtailed (cf. 
Figs. 1 to 5), and thereafter the net number of 
viable organisms remains essentially unchanged 
over a long period. Simultaneously, the organ- 
isms become relatively resistant to the bacteri- 
cidal action of penicillin. 

If this is the correct explanation for the 
refractoriness of the bacteria in the established 
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infection, the larger the inoculum the shorter 
should be the time during which the bacteria 


after inoculation with 50,000,000 bacteria. In 
the mice treated one and one-half hours after 


can continue to metabolize and multiply 
normally, before the focus becomes an unfavor- 


inoculation the bactericidal action of penicillin 
proceeded at essentially the same rate as in those 


(GROUP A STREPTOCOCCUS IN WHITE MICE ) 


FRESH INFECTION (2X10®) 24-HOUR INFECTION 


PROCAINE PENICILLIN 
(45 MG. /KG., 1X) 
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Fic. 4. Showing that the retarded bactericidal action of penicillin in twenty-four- 
hour streptococcal infections in mice is not due to the inadequate dosage of 
drug or its limited penetration into the focus of infection. Groups of animals 
were inoculated with 2 X 10° organisms and treated immediately with a single 
injection of 0.15 cc. of procaine penicillin at 10,000 units/cc. (open circles in 
figure) or with 0.16 cc. of sodium penicillin in aqueous solution at 25 mg./cc., 
the latter dosage repeated every two hours. The procaine penicillin provided an 
initial average serum concentration of approximately 3 yg./cc., falling to 
approximately 0.3 yg./cc. after eight hours. The aqueous penicillin provided an 
average serum concentration after fifteen minutes of 200 yug./cc., and this 
had fallen to an average of 2 yg./cc. two hours later, when the treatment was re- 
peated. It is evident in the figure that despite the wide disparity in dosages and 
in the serum concentrations afforded, both forms of treatment effected the same 
rapid bactericidal action in the freshly inoculated muscle (0-o and A-A\), 
and effected essentially the same slow and irregular bactericidal effect in ani- 
mals treated only twenty-four hours after inoculation (@-@ and 4-A). 


able medium for growth, and the shorter also 
should be the time for which penicillin continues 
to exert a rapid bactericidal effect. ‘This is shown 
by the experiment of Table 1 and Figure 5. 
Groups of mice were treated at varying times 
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treated immediately after inoculation. By the 
third hour of the infection, however, the bac- 
tericidal action of penicillin was strikingly 
retarded; and in mice treated six and nine hours 
after infection a single injection of procaine 
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penicillin produced no significant effect on the 
number of viable organisms. This rapidly 
developing retardation of penicillin action was 
further evidenced in the decreased therapeutic 
effect of the drug. The single injection of pro- 
caine penicillin effectively cured all of twenty- 


rapidly became an unfavorable milieu for 
bacterial growth and multiplication. 


COMMENTS 


It has here been shown that when group A 
streptococci are inoculated into a mouse muscle, 
10° MORTALITY 
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9-HOUR INFECTIOIN ANIMALS 
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Fic. 5. Showing that the retarded activity of penicillin in older infections is not 
due solely to the large number of organisms in the muscle. Mice were inoculated 
intramuscularly with 5 X 107 streptococci. At zero, one and one-half, three, six 
and nine hours after inoculation, aliquot groups were treated with a single injec- 
tion of procaine penicillin (0.15 cc. of suspension at 10,000 units/cc.). Each 
point in the figure is the median number of organisms surviving in the muscle 
in experimental groups of six mice each. In the animals treated immediately 
after inoculation, or one and one-half hours later, there was no essential differ- 
ence in the rate of bactericidal action, or in the therapeutic response. By the 
third hour the effect of penicillin was strikingly reduced, this despite the fact 
that there had not been a significant increase in the number of viable organisms; 
and in animals treated six or nine hours after inoculation, penicillin had essen- 


tially no immediate bactericidal effect and all the animals died. 


eight animals treated immediately after inocula- 
tion, and 27/28 of those treated one and one-half 
hours after incubation; but in those treated 
three, six and nine hours after inoculation only 
0/28, 1/28 and 0/28 survived. 

In summary, with an inoculum of 1,000 
bacteria, penicillin was fully effective after six 
hours and relatively ineffective only after twelve 
hours, when the median number of viable 
organisms in the muscle had increased to a 
median level of 6,000,000 (Fig. 1); but with an 
inoculum of 50,000,000 organisms the therapeu- 
tic activity of penicillin was sharply and ab- 
ruptly curtailed within three hours (Fig. 5), 
presumably because the inflammatory focus 


the organisms at first multiply rapidly until the 
number of bacteria in the muscle reaches a 
plateau value, which then does not change 
significantly for a period of twelve to twenty-four 
hours. If treatment with penicillin is initiated 
during the initial phase of active multiplication, 
the organisms prove just as susceptible to the 
drug as they are in vitro and sterilization and 
cure are effected within a few hours. However, 
if the mice are treated only after the bacterial 
population in the muscle has stabilized, the 
organisms are found to have become highly 
refractory to the drug. Even high concentrations 
of penicillin then effect only an irregular and 
slow bactericidal action, and treatment must be 
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continued for four to six days in order to obtain 
sterilization and cure. 

A number of possible explanations have been 
considered and tested experimentally (cf. pp. 
391-396). The explanation most consistent with 
experimental results is that in the established 
infection the inflammatory focus has become a 
less favorable medium for bacterial growth, 
either because of an inadequate supply of 
nutrilites, because of the local accumulation of 
products toxic to the bacteria, or both. Since 
penicillin is known to affect only actively grow- 
ing cells and to be ineffective on “‘resting”’ cells, 
the organisms probably become less susceptible 
to its bactericidal effect for the very reason that 
they are growing and multiplying only slowly 
in an unfavorable environment. 

In an important paper on the mode of action 
of penicillin Bigger*! reported that penicillin 
may fail to sterilize large populations of staphy- 
lococci in vitro because of the presence of “‘per- 
sisters,’ i.e., organisms which are dormant (non- 
dividing) and for which penicillin is therefore 
bacteriostatic and only slowly bactericidal, if 
at all. Such “‘persisters’”” were estimated to be 
few in number and only rarely to exceed one 
per million bacteria. It was suggested that in 
some cases failure to cure staphylococcal infec- 
tions in man with penicillin might be due to the 
presence of similar “‘persisters’? 7m vivo. In a 
similar connection Chain and Duthie*® stated, 
“Since penicillin kills bacteria only under con- 
ditions favourable to growth, it is to be ex- 
pected that substances inhibiting bacterial 
growth will antagonize the bactericidal and 
bacteriolytic effect of penicillin. . . . It is both 
possible and probable that conditions occur in 
the body under which staphylococci (and other 
bacteria) may be in the resting state and thus 
be insusceptible to the action of penicillin. It is 
therefore important to give close attention to 
factors which may bring about these conditions 
(disinfectants, substances in dead tissues, sub- 
stances produced by other bacteria, etc.).”’ The 
difference between the points of view expressed 
by Bigger and by Chain and Duthie is quantita- 
tive rather than qualitative. Bigger postulated 
the presence of rare “‘persisters,”’ so that penicillin 
would just fall short of effecting total steriliza- 
tion; while Chain and Duthie suggested the 
possibility that a large proportion of the bac- 
terial population in a focus not favorable for 
growth may prove refractory to penicillin. The 
present data appear to bear out the latter thesis. 
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Penicillin may thus be relatively ineffective 
in the experimental infections here studied, for 
the same reason that it is relatively ineffective 
when added to a fully grown test tube culture 
in which the number of viable organisms changes 
only slowly and in which the slow rate of multi- 
plication is essentially equal to the rate of death. 
In both cases it is an open question whether the 
decreased rate of multiplication is-due primarily 
to the exhaustion of the medium (inadequate 
diffusion of metabolites into the muscle area) 
or to the release of toxic products into the en- 
vironment. In either event, the bactericidal 
action of penicillin is paradoxically reduced 
because the organisms are not metabolizing 
and multiplying at their optimal rate. 

As will be shown in a later paper,*!* similar 
results have been obtained in an experimental 
endocarditis and nephritis produced with Strep- 
tococcus fecalis in rats. It is possible that in man, 
also, the organisms may be highly refractory to 
the therapeutic action of penicillin in a focus in 
which bacteria are not actively metabolizing. 
This factor may contribute to the paradoxical 
treatment failures sometimes observed with this 
drug. It may be noted in this connection that 
although Leptospira icterohemorrhagiae is in- 
hibited in vitro by as little as 0.11 units/ml. of 
penicillin,'? and although the drug is said by 
some workers to be effective in the treatment of 
early cases all are agreed that penicillin is 
relatively ineffective!*:*?—* if treatment is delay- 
ed until the liver has been seriously involved, as 
evidenced by the appearance of jaundice. In 
syphilis, also, penicillin treatment gives the 
highest percentage of cure in cases treated early 
in the infection in the seronegative primary 
stage, but the incidence of treatment failure 
increases significantly if treatment is delayed 
until the secondary lesions have appeared.'*~'® 
In both these situations the decreased therapeu- 
tic efficacy of the drug may well be related to 
the fact that inflammatory foci have been estab- 
lished in which the organisms are no longer 
growing and multiplying at a maximal rate. 
Indeed, whenever an inflammatory focus sup- 
plies suboptimal conditions for growth, one may 
anticipate a slower bactericidal action than is 
observed under optimal conditions in vitro; and 
it may require a longer time period to effect 
cure with penicillin than would be necessary 
to kill the corresponding number of organisms 
in the test tube. The degree to which the fore- 
going considerations may be affected by the 
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implications with respect of the therapeutic usc 
of penicillin in man are discussed in the text: 


development of antibodies in the older infections 
remains to be determined. 


One would not anticipate that the refractory 
state of the bacteria would be overcome by an 
increase in dosage since the concentration of 
penicillin is not the limiting factor but rather 
the physiologic state of the organisms. A more 
promising approach to successful therapy would 
appear to lie in prolongation of treatment. In 
the present experiments, although the bacteri- 
cidal action of the drug in the established foci of 
infection was strikingly retarded, it was not 
wholly abolished and treatment adequately 
prolonged eventually did effect cure. (cf. Table 
1.) The possibility of using other antibiotics in 
combination with penicillin has been discussed 
by a number of workers. Their finding that in 
e.g., the treatment of bacterial endocarditis, 
streptomycin so used is particularly valuable***° 
is in keeping with the fact that, unlike peni- 
cillin, this antibiotic is said to be effective even 
against organisms which are not actively 
metabolizing. 


SUMMARY 


In an experimental infection of mice with 
group A beta-hemolytic streptococci the organ- 
isms at the site of inoculation remained highly 
sensitive to the bactericidal action of the drug 
only as long as they continued to multiply at a 
rapid rate. When the bacterial population in 
the muscle focus approached a plateau value, 
they simultaneously became refractory to the 
drug and it required days to effect sterilization 
and cure, instead of as many hours. The re- 
fractory state of the organisms was not due 
simply to the large number of organisms present 
in the older infection, and there was no evidence 
that a systemic host factor had been impaired. 
Further, massive doses of aqueous penicillin 
which provided concentrations in the muscle 
10,000 times greater than the minimal effective 
concentration were no more effective than the 
relatively low concentrations afforded by an 
injection of procaine penicillin in oil gelled with 
aluminum monostearate. 

The proposed explanation for the refractory 
state of the organisms in the older infection is 
that in such foci the organisms were no longer 
multiplying and metabolizing as actively as in 
the fresh infection, due either to the inadequate 
diffusion of metabolites into the area of infection 
or to the local release of toxic products. Possible 
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A Long-term Survey of Rheumatic and 


Non-rheumatic Families’ 
With Particular Reference to Environment and Heredity 


FrieDA G. Gray,f M.D., RoperT W. Quinn, M.D. and Jutia P. QuINN, M.s.s. 


New Haven, Connecticut 


PPLYING methods devised by Opie and 
A McPhedran! for the clinical epidemi- 
ologic study of tuberculosis, in which 
the family was the unit of study, Paul and 
Salinger in 1931? and again in 1934* reported 
on the spread of rheumatic fever in a group of 
families followed by them between 1929 and 
1934. Since that time this familial or domiciliary 
epidemiologic investigation of rheumatic fever 
was enlarged to include more rheumatic families 
and a group of non-rheumatic families for com- 
parison. The survey was developed by periodic 
visits to the home, examination of all members 
of the families and observation of their environ- 
ment over a long period of time in an attempt 
to determine the factors which might affect the 
familial prevalence of the disease. A report of 
this group of families up to 1940 was published 
by Paul.*® 
The present study is the result of a re-examina- 
tion in their homes of 776 individuals comprising 
forty rheumatic and thirty non-rheumatic 
families. The data analyzed were accumulated 
over a ten- to twenty-year observation period 
which extended throughout and after the sus- 
ceptible age of rheumatic fever and involved 
more than one generation in the families. The 
object of this follow-up study is to determine 
whether, after a longer period of observation of 
the families, the conclusions of the previous 
reports*> regarding the frequency and nature 
of the rheumatic episodes and the spread of 
rheumatic fever within the families still hold and 
to compare further the rheumatic and control 
families with respect to heredity and certain 
environmental factors which might be responsi- 
ble for the familial prevalence of rheumatic 
fever. 


Madison, Wisconsin 
METHODS 


Selection of Families. ‘The rheumatic families 
studied, at one time numbering 122, were 
originally selected over a period of years from 
1929 to 1939. The criteria on which the rheu- 
matic families were chosen at that time were 
(1) that one of the members had or had had 
rheumatic fever and (2) was either on the 
pediatric or medical ward or enrolled in the 
dispensary of the New Haven Hospital. Only 
forty of the original 122 rheumatic families 
were available for re-examination in 1947 to 
1949, 

The so-called control or non-rheumatic 
families were selected during the period of 1930 
to 1933 on the basis that it was not known at the 
time of selection that any sibling of the contact 
case had rheumatic fever. The contact case was 
a non-rheumatic child registered in the general 
pediatric clinic or one of the pediatric specialty 
clinics of the New Haven Hospital dispensary. 
Because only twenty-one of the original thirty- 
five control families could be found or remained 
willing to submit to examination, their number 
was increased to thirty by the addition of a 
comparable group of families who had been 
observed for a similar length of time. These ad- 
ditional families had originally been selected’ 
because one of the members attending the 
general pediatric clinic or on the pediatric ward 
was known to have had scarlet fever which was 
not followed with an attack of rheumatic fever 
or carditis. 

The control families came from essentially the 
same location and urban or semi-urban en- 
vironment (i.e., from New Haven County) as 
the rheumatic group. Both groups of families 


* From the Section of Preventive Medicine, Yale University School of Medicine, New Haven, Conn. Aided by a 


grant from the Life Insurance Medical Research Fund. 


+ Helen Hay Whitney Foundation Fellow, 1947-1949. 
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utilized the New Haven Hospital and its out- 
patient clinics for most of their trivial as well as 
serious illnesses. 

Each family had been visited at home at 
periodic intervals when additional data were 
obtained and a physical examination of all 
members of the household was performed. Since 
the majority of the group were chosen between 
the years 1929 to 1939, all had been visited and 
examined in their homes at least twice and 
many of them three and four times before the 
present visit. Data were thus obtained by 
actual examination of individuals of more than 
one generation, the index cases (i.e., the indi- 
viduals who were the basis of selection of the 
original family groups) and their siblings, their 
parents and eventually their offspring. 

In this manner the study included one group 
of families with an originally high prevalence 
of rheumatic fever and another control group 
relatively free of the illness. It has been designed 
to compare the frequency and nature of the 
rheumatic episodes and events which might 
occur in both groups over a long period of time 
which would indicate factors responsible for 
the occurrence of the disease. 

Methods of Recent Survey. Preliminary visit: 
During the follow-up period from November, 
1947, to May, 1949, the primary contact with 
the family was made by the social worker 
through visits to the home. Members of the 
family were interviewed to interpret the purpose 
of the study and to gain consent for examination 
of all members. 

Survey visit: The physician, accompanied by 
the social worker, visited the home and a medical 
history was obtained from each member of the 
household. In most cases the medical histories 
were in the nature of interim histories. Attempts 
were made, however, to verify factors which 
related to rheumatic fever. Additional informa- 
tion regarding relatives with rheumatic fever, 
causes of death of parents and siblings of the 
fathers and mothers of the families, sleeping 
arrangements, rentals and conditions in every 
house the family had occupied was also ob- 
tained. It is important to emphasize that much 
supplementary information was available in the 
majority of the individuals examined since they 
had clinic and hospital records, were known to 
Social Agencies in New Haven, and had previ- 
ously been questioned and examined in their 
homes by physicians of the New Haven Hospital. 
To supplement our own records information 
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was also obtained from other hospitals, from 
family physicians and from death certificates. 
All available members (in most families this 
included all members of the family) were ex- 
amined at the time of the recent visit. The 
physical examination for the most part was 


Fic. 1. The family chart and representative symbols. 


limited to the general state of the individual 
and a complete cardiac examination including 
the measurement of blood pressure. 

Family Chart. A compact diagram for re- 
cording data related to each individual and the 
family was utilized in order to visualize events 
and illnesses of the group as a whole and to 
determine the relationships of events. The chart 
used was the one previously used in these family 
studies.2-> The principle of the chart and its 
legends, for recording various pertinent events, 
is illustrated. (Fig. 1.) In addition to the family 
chart, physical examination, medical and 
social historical findings for each individual 
were recorded and coded in such a manner that 
information could be more easily classified and 
analyzed. 
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Criteria for Diagnosis of Rheumatic Fever and 
Rheumatic Heart Disease. The diagnosis of 
rheumatic fever, in the majority of cases found 
in this study, had been made by physicians of 
the University Service of the Grace-New Havea 
Community Hospital or dispensary at the time 
of an acute episode. When the individual had 
not been seen by a physician and the personal 
story alone had to be relied upon, a diagnosis 
of rheumatic fever was not made without an 
unequivocal story of acute polyarthritis with 
fever, necessitating bed rest and leaving the 
patient without joint deformity. The only ex- 
ception to the labeling of an episode as rheu- 
matic fever without such a clear-cut history 
was in those instances of known scarlet fever 
during or immediately following which the 
patient had symptoms or cardiac murmurs sug- 
gestive but not diagnostic of rheumatic fever 
and who on subsequent follow-up examination 
had characteristic signs of rheumatic heart 
disease. 

No clear-cut history of acute rheumatic fever 
could be elicited in some individuals who on 
examination had murmurs and heart sounds 
characteristic of rheumatic valvular disease. 
These individuals were considered to have 
rheumatic heart disease and in some, symptoms 
such as recurrent sore throats, fatigue, epistaxis, 
growing pains in childhood were elicited or are 
known to have occurred but no definite diag- 
nosis of rheumatic fever was or could be made 
at the time. In some cases diagnosed as rheu- 
matic heart disease no symptoms suggestive of 
rheumatic fever were elicited or known to have 
occurred. 

No individual was considered to have rheu- 
matic heart disease who did not fulfill the 
criteria, in regard to clinical cardiac examina- 
tion, of the New York and American Heart 
Associations® except that clinical evidence of 
cardiac enlargement (x-rays were not done 
routinely at this time) was not considered 
essential for a diagnosis of rheumatic valvular 
disease. Murmurs heard which did not fit the 
criteria for a specific valvular lesion were labeled 
as unexplained murmurs. If there had been a 
known episode of rheumatic fever and these un- 
explained murmurs heard, the diagnosis was 
recorded as possible and potential rheumatic 
heart disease; but these individuals have not 
been included with those having rheumatic 
heart disease. It should be emphasized here 
that when tl ere was any doubt as to the cardiac 
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signs and a further examination was not feasible, 
the individuals were not included in the rheu- 
matic group. 

In the statistical analyses of the data “‘t’”? and 
“chi square’’ tests were used to determine the 
significance of differences in all the comparisons 


TABLE | 


NO. OF INDIVIDUALS EXAMINED AND MEAN 
AGE OF EACH GENERATION 


Rheumatic Families 
No. of Mean Age 
Individuals (yr.) 


Control Families 
No. of | Mean Age 
Individuals (yr.) 


Generation 


54.4 53 50.1 
23.9 161 


35.9 32 


72 


Total 458 318 
*One Individual is a 3rd generation in-law. 


made. The terms significant difference and 
statistical significance imply the use of one of 
these tests. 

Composition of Family Groups. A total of 776 
individuals were interviewed and examined; of 
these 458 belonged to the forty rheumatic 
families and 318 to the thirty control families. 
All of the families except two had increased in 
size since the time of the first examinations ten 
to twenty years ago. The control and rheumatic 
families consisted essentially of similar sized 
families with a similar distribution of large and 
small families. 

For purposes of comparison the family 
groups were divided into generations. The 
parents of the original family group are re- 
ferred to as the first generation; the children of 
these parents, who comprise the index cases and 
all their siblings, are the second generation; the 
thrd generation are the offspring of these 
children; and the in-laws are the spouses of the 
second (and in one instance of the third) gen- 
eration. The number of individuals in each 
generation of the rheumatic and control families 
is given in Table 1. 

The mean ages of the individuals in the 
rheumatic and control groups (Table 1) as well 
as the age range and frequency distribution of 
ages (Fig. 2) for the first three generations were 
similar, and there were no significant differences 
between the mean ages of the same generations 
in either group of families except that the mean 
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age of the second generation in-laws of the 
rheumatic families was slightly older than the 
in-laws of the controls. The sex and race dis- 
tribution of the individuals examined are given 
in Table u. The difference in percentage of 


rheumatic families there were seventy-eight 
cases of rheumatic fever and/or rheumatic heart 
disease with sixty-eight of these concentrated in 
the second generation children. In the control 
families, at the beginning of the study, there 


YX RHEUMATIC FAMILIES 


CONTROL 


2NO0 GENERATION 


7 3 ROD. GENERATION 


NO. OF INDIVIDUALS 
° 


FAMILIES 


2ND. GENERATION IN-LAWS 


x 


20-24 86-20 30°34 36-38 40-44 45-49 80-04 


1ST. GENERATION 


16519 «80°84 30°34 40544 46549 50°54 65-59 60-64 66-69 10-74 Ts 


AGE IN YEARS 


Fic. 2. Frequency distribution of ages of all individuals examined. 


Negroes in the two groups of families is not 
statistically significant. 
RESULTS 


Rheumatic History of the Survey Families during the 
Follow-up Period. Originally within the forty 


TABLE Il 


SEX AND RACE OF INDIVIDUALS EXAMINED 


White Negro Oriental 
No. % No. % No. % 


Rheumatic Family 
Individuals 


Male 202 
Female 198 
Total 400 


Control Family 
Individuals 


Female 137 90.7 


Total 290 91.2 
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were no rheumatic cases among the second 
generation children but there were three cases 
in the first generation (i.e., parents). Figure 3 
illustrates, at the time of selection and at the 
present time, each rheumatic individual by 
family and generation, as well as showing the 
position in the family of the individual cases 
and the order of progression of the disease 
within each family. 

The prevalence of rheumatic fever and/or 
rheumatic heart disease at the present time for 
each generation is shown in Table m. The rates 
for the second generation, both rheumatics and 
controls, are corrected by exclusion of the index 
cases, since the former group would otherwise 
be weighted by forty known rheumatics and the 
controls by thirty known non-rheumatics. Even 
with exclusion of the known rheumatic index 
cases there is found to be a very high incidence 
of the disease in the second generation of the 
rheumatic families and the difference between 
these individuals and the same _ generation 
controls is statistically significant. Contrary to 
previous findings in these families, and to the 
findings in other family studies, the difference 
in the prevalence of rheumatic fever and/or 
rheumatic heart disease between: the rheumatic 
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and control families in the first generation is not 
statistically significant. The differences between 
the two groups of families in the in-laws and 
third generation are likewise not significant. It 
should be pointed out that the individuals of the 
third generation as a group are as yet too young 


RHEUMATIC FAMILIES 


19 20 21 ao 
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group* of rheumatic fever and of rheumatic 
valvular heart disease diagnosed at the time of 
or subsequent to the initial attack. It is seen 
from this table that in only 15.7 per cent of the 
cases was a diagnosis of rheumatic heart disease 
made without a history of acute rheumatic fever. 


CONTROL FAMILIES 


Fic. 3. Rheumatic individuals in rheumatic and control families. Open heart is a case of 
known acute rheumatic fever without heart disease. Black heart is a case of rheumatic 
heart disease with or without known acute rheumatic fever. Cross-hatched heart is a 
second generation in-law with rheumatic fever and/or rheumatic heart disease. F, father 
of the family; M, mother of the family. Numbers within each heart designate position in 
the family, i.e., 1 is the firstborn, etc. The cases are given from the center outward in the 
order in which they occurred in the multiple case families. + means deceased. 


to have passed through the peak years for the 
occurrence of rheumatic fever. Another decade 
must elapse before the true incidence of the 
disease in this generation can be determined. 
The majority of all the rheumatic individuals 
in the first and second generations of both groups 
of families were known to have had acute rheu- 
matic fever. Table tv gives the incidence in this 


Of the eighty-six individuals with rheumatic 
fever, 28 per cent have not shown evidence of 
valvular heart disease while an equal percentage 


* Only the first and second generations are included 
in this particular analysis because they are the group 
that have been observed throughout the survey period 
whereas the third generation and second generation in- 
laws have been examined only once. 
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TABLE III 
PREVALENCE OF RHEUMATIC FEVER AND/OR RHEUMATIC 
HEART DISEASE 


Rheumatic Families Control Familtes 


Generation No. of 
Individuals 


R.F.AR.H.D.t 
No. % 


No. of R.F.A.H.D. 
Individuals No. % 


12 53 7.5 
131 3.7 
2 ° 72 0.0 


2nd In-laws 53 6 . 32 6.2 


*Corrected for Index cases (40 rheumatics and 30 controls omitted ). 
tRheumatlc fever and/or rheumatic heart disease. 


TABLE IV 


the families, giving a rate for new cases of 9.3 per 
cent. On the other hand, five new cases ap- 
peared among the 161 persons of the same gen- 
eration control group, a rate of 3.1 per cent. 
From these figures it is evident that during the 
study years three times as many second genera- 
tion children in the rheumatic families developed 
rheumatic fever as compared with the controls, 
indicating that the factors responsible for this 
significant difference were probably continuous 
during the study period. The new cases in the 
rheumatic families occurred with equal fre- 
quency in those families which originally had a 
single case as in those with more than one case 
at the time of selection. 


INDIVIDUALS WITH RHEUMATIC FEVER AND/OR RHEUMATIC HEART DISEASE 


R.F.R.H.D. 


R.H.D. Totals 


Ist generation Individuals of: 
Rheumatic familtes 


Control families 


2nd generation individuals of; 
Rheumatic families 


Control families 


Totals 24 


Percentage of those With R.F. 27.91 


29 .07 


= Acute rheumatic fever without valvular heart disease. 
.F. +R.H.D. = Acute rheumatic fever plus rheumatic heart disease first diagnosed at time of 


acute episode. 


R.F.-?R.H.D. = Acute rheumatic fever. Rheumatic heart disease first, diagnosed after the 


acute episode. 


R.H.D. = Rheumatic heart disease without a history of acute rheumatic fever. 


*Diagnosed seven years after scarlet fever. 
tPercentage of total (102) rheumatics. 


had such evidence at the time of the initial acute 
attack. 

For computing the incidence of new cases the 
second generation was focused on, since this was 
the group of individuals who had passed through 
the most vulnerable age (five to fifteen years) 
for rheumatic fever during the study period 
from 1929 to 1949. By 1948 to 1949, thirteen 
new cases of rheumatic fever and/or rheumatic 
heart disease had occurred in the 138 individuals 
of the second generation rheumatic families who 
were non-rheumatic at the time of selection of 
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Spread of Rheumatic Fever through the Family. 
Rheumatic fever in a family, as has been previ- 
ously noted by Paul,* usually appears first in a 
senior child and later in a junior sibling, and 
the interval between the two cases is a matter 
of years rather than days or weeks as is found 
in most of the common contagious diseases. This 
oblique manner of spread of rheumatic fever is 
illustrated in Figure 4, a segment of the L. 
family chart. 

In the twenty-six families with multiple cases 
of rheumatic fever in the second generation this 


Ist 79 
3rd 116 
a 4 1 4 3 12 3 
Pe 1 1 0 2 4 
- pe 17 21 33 10 81 
Po 2 2 0 1* 5 
25 7 16 102 
43.02 15.7f 
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oblique manner of spread was demonstrated 
repeatedly and in regard to the progression of 
cases within the family it was found that 70.7 per 
cent of the cases of rheumatic fever occurred 
first in a child senior in position in the family to 
the sibling who next acquired the disease. 


° 


lus. ARMY 
EXAM.| « 


1933 
MYRTLE ST. i 


1927 
i925 


19235 
FATAL ACCIDENT | 


POPLAR ST. 1919 


— 


EXEMPT 
WORLD 1917 
WAR 1! 


1913 


LAWRENCE 


1890 


1887 

MOTHER 18680 

FATHER 

Fic. 4. The L. family; oblique manner of spread of 
rheumatic fever. (Symbols as in Fig. 1.) 
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AGE OF ONSET 


case case CASE CASE CASE OTHERS 


Fic. 5. Mean age of onset of rheumatic fever in multiple 
case families. A, onset of successive cases; B, onset of 
first, second and all other cases. ( ) stands for number 
of individuals. 


In the rheumatic family group the range of 
age at onset of rheumatic fever in the second 
generation was from three to thirty-three years 
and the majority of cases occurred within the 
usual age of greatest susceptibility to the disease 
of five to fifteen years. The mean age of onset 
for the group was 10.4 years. For rheumatic 


fever cases in the control families the age range 
at onset was from seven to fourteen years and 
the mean age 11.2 years. The average age of 
onset in the single case rheumatic families 
(known in twelve of the fourteen cases) was 
7.9 years, not significantly different from the 
first cases in the multiple case families. 

In considering the average age of onset for 
the first and subsequent cases within the multi- 
ple case families, the onset of rheumatic fever 
was known in fifty-five of the sixty-seven cases. 
In these cases there was a definite trend toward 
increasing age of onset, from a mean of 8.9 years 
for the first case to 22.5 years for the fifth. 
(Fig. 5A.) Because the number of individuals in 
the third, fourth and fifth case groups was small, 
for purposes of statistical analysis they were 
treated as a single group whose mean age was 
15.8 years. (Fig. 5B.) Comparing the first case 
with the second, and the latter with the subse- 
quent cases, no significant difference is found. 
But a comparison of the mean age for the first 
case (8.9 years) with the mean age for all subse- 
quent cases (12.5 years) or with the mean for 
the third, fourth and fifth (15.8 years) is statisti- 
cally significant. Thus in the majority of in- 
stances, although the first case to occur within 
a family was the senior of the next case in rela- 
tion to position in the family, he was younger in 
years when he developed rheumatic fever than 
the siblings who subsequently acquired the 
disease and there was a definite trend toward 
increasing age of onset from the first to the fifth 
case within a family. 

Illnesses Preceding the Onset of Rheumatic Fever in 
Rheumatic and Control Families. In both the 
rheumatic and control families combined (ex- 
cluding those who married into the second 
generation) there were 104 cases of rheumatic 
fever and/or rheumatic heart disease. In sixty- 
three of these cases sufficient data were recorded 
about illnesses directly preceding the onset of 
rheumatic fever to indicate the nature of these 
illnesses. (Table v.) 

In many families epidemics of upper respira- 
tory infections due to beta-hemolytic strepto- 
cocci existed within the family for months and 
were followed with the appearance of rheumatic 
fever in one or more members of the family. A 
good example of this situation may be seen in 
Figure 6 representing the R. family. Repeated 
waves of tonsillitis, otitis media, cervical adenitis 
and sore throat due to beta-hemolytic strepto- 
cocci occurred over a period of years in all the 
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children and was followed with rheumatic fever 
in one of them. 

Although an exception to the usual oblique 
spread of rheumatic fever, the P. family in which 
several cases of rheumatic fever followed an 
epidemic of scarlet fever again illustrates the 


TABLE V 


NATURE OF ILLNESSES IMMEDIATELY PRECEDING 
ONSET OF RHEUMATIC FEVER 


No. of 
Cases 
Sore throat ya 


Diagnosis 


Tonsillitis 
Scarlet fever 10 
Common cold 

Otitis media 

Cervical adenitls 


Sore throat proven to be due to 
beta-hemolytic streptococcus 


Sinusitis 


occurrence of streptococcal disease preceding 
the onset of rheumatic fever. (Fig. 7.) 

Social and Economic Conditions in the Families. 
Poor living conditions have been thought to 
play an important role in the epidemiology of 
rheumatic fever in England’~® and in the 
United States.!°-!* If this is true, it would be 
expected that the group of rheumatic families 
came from poorer environmental circumstances 
than did the control families. With the knowl- 
edge that all factors in the environment could 
not be weighed, a few were selected for in- 
vestigation in some detail, namely, economic 
status, housing, family size and crowding. It 
was thought that these features of the environ- 
ment would be good indicators of the family’s 
general living pattern. 

Economic levels: Both groups of families, hav- 
ing been chosen from the wards and outpatient 
clinics of the New Haven Hospital, were made 
up essentially of low income families. To gauge 
income level in the past the family was ques- 
tioned in detail about their former economic 
status, information was secured from social 
service records in the clinic and hospital charts 
and from records of other social agencies in the 
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community. * These data were obtained for the 
years 1930 to 1931 at which time the peak 
incidence of rheumatic fever cases was. reached 
among the original families and closely approxi- 
mates the time of selection of the majority of 
families. From these data the family’s past in- 
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1934 | 


MARTIN. ° 
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1931 


1930 1930 
MARY CHARLOTTE 


Fic. 6. The R. family; an example of repeated upper 
respiratory infections in members of the family followed 
with rheumatic fever. (Symbols as in Fig. 1.) 


come was graded according to family budget 
standards for 1930 to 1931, f as low, adequate or 
comfortable, as given later. 

It was possible to secure more accurate in- 
formation of the family’s present (1948 to 1949) 
income level by questioning the current wage 
earners and these data were graded according 
to 1948 to 1949 family budget standards. + Low 
incomes were those judged to be too meager to 
cover adequate nutrition, proper clothing and 
other basic essentials of family life; the adequate 
incomes were those which made possible a 
minimum yet acceptable standard of living 
without luxuries but would not cover any un- 
foreseen expenses; the comfortable incomes were 
those large enough to provide an ample budget 
for essentials plus some luxuries. 

As seen in Table v1 the rheumatic and control 
families did not differ significantly in average 
family income at the time of the peak incidence 


* Visiting Nurse Association of New Haven, the 
Children’s Center, and the Connecticut Division of Child 
Welfare. 

t Supplied by Mrs. Frances Coles, Home Economist 
for the Visiting Nurse Association of New Haven. 
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of rheumatic fever in the families and consisted 
primarily of a low income group. It is evident 
that in 1948 to 1949, although the economic 
status of both groups of families had improved 
remarkably, a third of the controls and slightly 
but not significantly more of the rheumatic 
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Fic. 7. The P. family; epidemic type of spread of rheu- 
matic fever. (Symbols as in Fig. 1.) 


group were still living on less than adequate 
incomes. 

Size of family: A comparison of size was made 
between the two family groups at the time of 
selection as well as for 1948 to 1949 and no 
significant differences were revealed. Both 
showed the same distribution of large and small 
families. 

Housing: Again the years 1930 to 1931 were 
chosen for study of housing conditions in the 
rheumatic and control groups as representing 
conditions during the peak period for rheumatic 
activity. The criteria for the grading of housing 
were those used by the Office of Rent Control, 
New Haven: (1) Substandard was used to 
describe those homes without central heating, 
with shared toilet facilities and in need of major 
repairs; (2) passable homes were mainly domi- 
ciles with central heating, private toilets and 
the need for major repairs met; and (3) good, 
where housing was good in respect to construc- 
tion and repair. The former rent paid by families, 
their descriptions of past housing and conditions 
observed and recorded at the time of initial and 
subsequent visits to the home were the main aids 
in arriving at these rough classifications. From 


these data it was estimated that 93.4 per cent of 
the individuals in the rheumatic families were 
in 1930 to 1931 living in substandard housing 
whereas 70.6 per cent of the controls dwelled in 


TABLE VI 


INCOME LEVEL 


Rheumatic Families Control Families 


No. of 
Individuals % 


No. of 
Individuals % 


1930-1931* 
Low 
Adequate 
Comfortable 

1948-1949 
Low 36.7 
Adequate 52.3 


Comfortable 39 11.0 


*The years of peak Incidence of rheumatic fever. 


TABLE VII 


HOUSING 


Rheumatic Families Control Families 
(%) (%) 


1930-1931 * 
Substandard 93.4 
Passable 4.5 


Good 2.1 


1948-1949 


Substandard 
Passable 22.1 


Good 20.2 


*The years of peak incidence of rheumatic fever. 


similar housinz facilities. (Table vu.) This is a 
highly significant difference and reflects the 
predominantly poorer living circumstances of 
the rheumatic families in spite of the fact that 
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there was no difference in income level and 
family size. 

During the study period there was general 
improvement in housing for all families studied. 
Table vu shows that now only 7.3 per cent more 
of the rheumatic families than the controls are 
living in substandard housing. 

TABLE VIII 


CROWDING 


Rheumatic Families Control Families 
(%) (%) 


Crowding In: 


1930-1931 * 
85.9 


59.8 
23.4 


1948-1949 
30.5 
Bedroom 19.8 


Bed 1.5 2.3 


*tThe years of peak incidence of rheumatic fever. 


Crowding in the home: It has been thought by 
many that. crowding definitely 
affects the prevalence of rheumatic fever. 
Therefore, in this study crowding within the 
home was considered in detail by means of three 
measuring aids, namely, the number of persons 
per room, number of persons per bedroom and 
number of persons per bed. Crowding was said 
to exist when there was over one person per 
room, two persons per bedroom and more than 
two persons per bed. From the figures in 
Table vim it is obvious that the crowding index 
for all three measurements was significantly 
higher. for the rheumatic families than for the 
controls during 1930 to 1931, particularly in 
bedroom and bed. A _ specific example of 
crowding in the rheumatic families was that of 
a family in which fourteen members were living 
in four rooms. With one room used mainly for 
kitchen and eating purposes, all fourteen 
individuals were divided among the other three 
rooms in six beds for sleeping purposes. There 
were four rheumatics in this family. 

Over the study period crowding in the home 
diminished considerably in both groups of 
families but remained slightly greater for the 
rheumatic families. (Table vm.) 
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Heredity in Rheumatic Fever. A high familial 
prevalence has long been noted'!*-" to be 
present in rheumatic fever but the mere con- 
centration of a disease within a family does not 
necessarily indicate that the disease in question 
is inherited. Some studies!*—*° have shown that 


TABLE 1X 


HEREDITY IN RHEUMATIC FAMILIES 


Total No. Children Rheumatic Children 
No. of (Second Genera- ct 


Families tlon) No. % 


Neither parent 
theumatic 31 


One parent 
rheumatic 


Both parents 
rheumatic 


*Predicted on basis of single autosomal recessive gene with correction for 
fomily size and bias in selection of families. (See Wilson.2!) 


parents and close relatives of rheumatic children 
show a greater percentage of rheumatic fever 
than the general population or than control 
families and thus assumed an hereditary factor 
in the development of rheumatic fever. Wilson 
and Schweitzer,”! applying genetic methods to 
a study of many families, concluded that the 
susceptibility to rheumatic fever is inherited as a 
single autosomal recessive gene, and that this 
and not environment is responsible for the 
familial prevalence of rheumatic fever. 

In analyzing the present series of families the 
method used by Wilson was applied. Briefly, 
this consists of the use of genetic formulas”! for 
prediction of the probable occurrence of a 
disease in the progeny of a given mating assum- 
ing a single recessive Mendelian inheritance. 
This implies that once rheumatic fever appears 
in a child, as is the situation with all the rheu- 
matic families in the study, both the. parents 
transmit the recessive gene. 

In the present series of rheumatic families it 
was found (Table 1x) that the observed number 
of cases of rheumatic fever closely approximated 
the cases predicated on the basis of a single 
autosomal recessive gene except in the mating 
of two rheumatic parents. This might indicate 
that in New Haven penetrance* of the gene may 
be incomplete in that only 66.7 per cent of all 
the susceptibles manifested the disease as com- 


* The percentage of hereditary susceptible individuals 
who manifest a trait; in this case, rheumatic fever. 
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pared with 86 per cent in the New York families 
studied by Wilson. If this were true, however, 
one might expect that this incomplete pene- 
trance of the recessive gene would also operate 
in the other types of matings and result in less 
than the predicted number of cases, which was 
not true in our families. The possibility of ille- 
gitimacy of the non-rheumatic children in the 
three families with both parents rheumatic, as 
an explanation for the discrepancy between the 
predicted and observed number of rheumatic 
children in these families, cannot be excluded. 
However, one non-rheumatic child was found 
in each family of this group and it seems unlikely 
that there would be illegitimacy in all the 
families of any particular group. 

The five cases of rheumatic fever and/or 
rheumatic heart disease in second generation 
controls occurred in families whose parents were 
non-rheumatic. In none of the four control 
families in which a parent was rheumatic are 
there any children (of a total of twenty-five) who 
have had rheumatic fever or rheumatic heart 
disease. Thus in these families the disease oc- 
curred in the second generation without appar- 
ent relation to the presence or absence of 
parental rheumatic fever. 

The prevalence of rheumatic fever in relatives 
of the first generation was based on history alone 
except in a few instances in which the rheumatic 
relative had a clinic or hospital record. One 
might expect a history of rheumatic disease 
more frequently in relatives of the rheumatic 
families than in relatives of the control group 
merely on the basis of greater familiarity with 
the disease and yet it was found that rheumatic 
fever in a close relative (mother, father, sibling, 
aunt or uncle) of the first generation was present 
in only six rheumatic families (15 per cent) as 
compared with three control families (10 per 
cent), which is not a significant difference. 

Twins. No conclusion can be drawn from 
the study of twins in the families since there 
were only two sets of presumed identical twins 
and only one of the four individuals was rheu- 
matic. Thus one set of twins was similar and the 
other dissimilar with respect to rheumatic fever. 

Diseases Other Than Rheumatic Fever. Of 
related significance in the present study is the 
prevalence of non-rheumatic illnesses in the 
control and rheumatic families. It might be 
found, for instance, that not only was there more 
rheumatic fever but that a variety of other 
diseases were also more prevalent in the rheu- 


matic families, indicating a general suscepti- 
bility among these families or that conditions 
were favorable in their homes for the spread of 
infections of various types. The incidence of 
heart disease other than rheumatic (Table x) 


TABLE X 


INCIDENCE OF HEART DISEASE OTHER THAN RHEUMATIC 
HEART DISEASE 


Rheumatic Families Control Families 


Individuals with Total No. 
Individuals 


Individuals with 
Heart Disease 


Generation Total No. 
Individuals Heart Disease 


In-laws 


3rd 


TABLE XI 


INCIDENCE OF HYPERTENSION 


Rheumatic Families Control Families 


No. of 
Individuals % 


No. of 
Individuals % 


Generation 


TABLE XIil 


INCIDENCE OF VARIOUS DISEASES IN THE SECOND 
GENERATION 


Rheumatic Families Control Families 


No. of 
Individuals % 


No. of 
Individuals % 


Glomerulonephritis 3 125 6 
Pyelonephritls 3 1:5 1 
Poliomyelitis 1 0.5 5 


Infectious hepatitis 3 1.5 3 


of several other diseases (Tables x1, x11), and of 
the common contagious diseases did not differ 
significantly in the comparable age groups of the 
rheumatic and control families. 

Because of recent experimental evidence 
of the similarity between pathologic lesions in 
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rheumatic fever and those in animals produced 
by hypersensitivity to various substances includ- 
ing beta-hemolytic streptococci, an analysis was 
made of the incidence of allergies in the in- 
dividuals examined. There was no significant 
difference in the incidence of hay fever, asthma, 


TABLE XIII 


INCIDENCE OF ALLERGIES 


Rheumatic Families Control Families 


No. of 
Individuals % 


No. of 
Individuals % 


11.3 


Rheumatic Individuals 


Non-rheumatic 
individuals 


All Individuals 47 22.8 
ord 19 16.4 15 


*Hay fever, asthma, serum sickness, and food and drug allergies. 


serum sickness or food or drug allergies, con- 
sidered as a group (Table xm) or separately, 
between the control and rheumatic families nor 
was there a difference between the rheumatic 
individuals and their non-rheumatic siblings in 
the rheumatic families. 


SUMMARY AND CONCLUSIONS 


The present study, involving observation 
over a ten to twenty year period of a group of 
forty rheumatic families showing a high preva- 
lence of rheumatic fever, and a group of thirty 
families in which the disease was relatively rare, 
revealed certain factors that have probably in- 
fluenced the prevalence of the disease in the 
former group. 

Poor housing and crowding within the home 
were found to be significantly greater in the 
rheumatic families than in the controls. It is 
believed that the latter condition, allowing for 
more intimate contact among members of the 
family group, may be conducive to the spread 
and maintenance of upper respiratory infections 
(particularly those due to hemolytic strepto- 
cocci) within the family circle, and it is this type 
of repeated infection that may lead to the 
occurrence of rheumatic fever. 

Analysis of the rheumatic families on the basis 
of parent matings (with suitable corrections for 
bias in selection and for family size) revealed 


OCTOBER, 1952 


that the occurrence of rheumatic fever in the 
children approximated the pattern of a single 
autosomal recessive gene except in the mating 
of two parents with the disease. In this mating 
only 66 per cent of the children in the families 
had the disease whereas on a genetic basis 100 
per cent would be expected. This fact, plus the 
lack of difference between the prevalence of 
rheumatic fever in controls and rheumatics of 
the first generation (the parents in the families) 
and their close relatives, suggests that heredity, 
if a factor in the prevalence of rheumatic fever, 
does not follow a specific genetic pattern. 

The data suggest that if heredity plays a role, 
it is perhaps one of inherited susceptibility, not 
strictly predictable because of an important 
controlling factor in the occurrence of the 
disease, namely, repeated infections due to the 
beta-hemolytic streptococcus. It might be 
speculated that the inherited factor may not be 
an increased susceptibility to rheumatic fever 
per se but rather an altered host response to 
repeated infection, the latter being enhanced or 
becoming recurrent within the family circle 
when poor housing and crowding in the home 
are present. 
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Philadelphia, Pennsylvania 


the residents of a housing development in 
the Borough of Queens in New York City. 
The disease, originally referred to as Kew Gar- 
dens’ spotted fever, ! quickly became epidemic in 
the area and at the same time similar cases were 
reported from other parts of New York City.’ 
The disease was subsequently identified as a new 
entity caused by a newly discovered species of 
rickettsia.* Because some of the lesions were 
papulovesicular and confused with varicella 
the disease was named rickettsialpox and the 
causative organism was designated R. akari.‘ 
Epidemiologic and entomologic studies later 
demonstrated that the primary host of the 
infection was the common house mouse (Mus 
musculus) and that the organism was trans- 
mitted to man accidentally by a blood-sucking 
rodent mite (Allodermanyssus sanguineus).°:® 
Since the recognition of the disease in 1946 
about 150 cases a year’ have been reported to 
the New York City Department of Health. The 
first published report of a case outside New York 
City, in a resident of Boston, Massachusetts, 
recently appeared. 
This article is a report of four cases in which 
the diagnosis of rickettsialpox appears justified 
on the basis of the clinical and serologic find- 
ings. Three of the patients lived in the Richmond 
section of Philadelphia and were presumably 
infected at home, while the fourth patient, a 
pharmaceutical laboratory worker, was ap- 
parently infected in his place of employment, 
located in suburban Delaware County. None 
of our patients had been in New York City prior 
to the onset of infection. 


T June, 1946, a new illness was observed in 


CASE REPORTS 


Case 1. (Fig. 1.) R. S., a fourteen year oid 
white boy, was well until May 1, 1949, when 
a sore throat, nausea, vomiting, fever, chill and 
backache developed. On the following day a 
rash on the lower extremities appeared which 
spread rapidly to the torso and face. On May 4th 
the patient complained of slight stiffness of the 
neck. The next day he was admitted to the 
Philadelphia Hospital for Contagious Diseases 
with the provisional diagnosis of meningitis. 
He had had measles, pneumonia, pertussis and 
adenoidotonsillectomy and, in 1945, was im- 
munized against smallpox. He lived with his 
mother, a winder in a wool mill, five sisters and 
three brothers, all of whom were well. The 
family resided in Kensington, an industrial 
section near Port Richmond, Philadelphia. 

Examination on admission to the hospital 
revealed a well developed, white boy who was 
acutely ill with a temperature of 103.4°F., pulse 
112 and respirations of 36. The significant find- 
ings were a mild injection of the conjunctivas, 
left tympanum and pharynx. Resistance to 
flexion of the neck was mild and the cervical 
lymph nodes were enlarged and tender. The 
spleen and liver were not palpable but tender- 
ness was elicited over the left upper quadrant 
of the abdomen. Lymphadenopathy was gen- 
eralized. A discrete, erythematous, papular rash 
was present over the chest, abdomen, back and 
extremities, including the palms and _ soles. 
There was a similar rash and violescent flush 
over the face. The admission impressions were 
meningococcemia, rickettsiosis, infectious mono- 
nucleosis or typhoid fever. 


* From the Philadelphia Hospital for Contagious Diseases; The Woman’s Medical College Hospital; Division of 
Communicable Disease Control, Philadelphia Department of Public Health; and the Virus Diagnostic Laboratory, 
University of Pennsylvania and Children’s Hospital of Philadelphia. 
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X-ray of the chest was normal. Erythrocyte 
sedimentation rate (Wintrobe) was 20 mm. in 
one hour. The red blood count was 4.3 million; 
white blood count 7,700, with neutrophiles 
72 per cent and lymphocytes 28 per cent. 
Urinalysis was normal. Spinal fluid showed two 


May 1949 
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gens and of the Weil-Felix tests are tabulated 
and discussed hereinafter. 

Sulfadiazine was given from May 6th to 8th. 
On May 7th the edge of the spleen became 
palpable and tender, several new lesions ap- 
peared on the skin and the patient complained 
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cells, 15 mg. per cent protein; smear was nega- 
tive and culture showed no growth. Blood 
Kolmer-Kline and Wassermann tests were 
negative. On May 6, 1949, a blood culture was 
sterile. Blood agglutination titers for typhoid 
and paratyphoid were normal. Heterophile anti- 
bodies were absent on May 7th but were 
present (1:112) on May 13th. Results of all 
complement fixation tests with rickettsial anti- 


frequently of backache and abdominal pain. 
Aureomycin was started on May 7th, 250 mg. 
every four hours for six doses then every six 
hours for twelve doses. On May 8th the rash 
began to fade; the spleen, however, was still 
palpable and tenderness in the left upper quad- 
rant was still present. The temperature became 
normal within twenty-four hours after aureo- 
mycin was*started and twelve hours later the 
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constitutional symptoms began to abate. The 
patient received a total of 4.5 gm. of aureo- 
mycin over four days and was discharged on 
May 14th. 

Comment: The initial lesion in this patient was 
not apparent. There was no evidence of regional 


period of the secondary rash of rickettsialpox, 
the primary lesion being unrecognized. The 
significance of the low titer of heterophile anti- 
bodies in the patient’s serum is not known. 
Case u. (Fig. 2.) Mrs. M. S., a forty-nine 
year old white woman, the mother of Case 1, 


TABLE I 
SUMMARY OF SEROLOGIC TESTS OF FOUR PATIENTS WITH PROBABLE RICKETTSIALPOX 
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* RP = rickettsialpox; RMSF = Rocky Mountain spotted fever; ET = epidemic typhus; MT = murine 
typhus; S = serum specimen. Figures are the reciprocal of the dilutions. 
+ Results obtained from Army Medical Department Research and Graduate School. 


{ Highest titer obtained by one of four methods. 


lymphadenitis to suggest that there was an 
occult lesion in any part of the body. The erup- 
tion was erythematous, discrete and papular, 
without suggestion of vesiculation. The weak 
Weil-Felix reaction and a progressive rise in 
the titer of the complement fixation test to 
antigens of the Rocky Mountain spotted fever- 
rickettsialpox group strongly suggest the diag- 
nosis of rickettsialpox. (Table 1.) It is presumed 
that the patient’s complaints, which began on 
May 1, 1949, two days before the appearance 
of the rash, represent the beginning of the febrile 
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was well until May 27, 1949, when a “‘pimple”’ 
developed on the right thigh. She treated it with 
hot compresses and black salve. On May 31, 
1949, the patient had chills, temperature of 
100°r., headache, backache, sore throat and 
vomiting, for which she was given oral peni- 
cillin and sulfadiazine. On June 2nd, two days 
after medication, a rash appeared on the thighs 
and later on the back, chest, abdomen and arms. 
On the following day the patient was admitted 
to the Philadelphia Hospital for Contagious 
Diseases with the tentative diagnosis of Rocky 


| | 
| | | 7 
| | | 
| | | RP* OX19 
| 
Case 1, R. S. | | | | | | | 
Si | © <2 | <2 | | | | 
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Mountain spotted fever or cutaneous anthrax. 
She has four sons and five daughters and is 
employed as a winder in a wool mill. She had 
had pneumonia, measles and pertussis. 

Examination revealed a well developed and 
well nourished white woman in no acute dis- 
tress. Temperature was 100°F., pulse 100, 
respirations 24. The significant findings were 
right otorrhea, markedly injected pharynx, 
palatal enanthem, apical systolic murmur and 
an elliptic-shaped lesion on the anterior right 
thigh. The lesion was a sharply demarcated 
area of erythema measuring about 2.5 cm. in 
its long diameter, with a black central eschar. 
The regional inguinal lymph nodes were en- 
larged and tender. There was a discrete ery- 
thematous maculopapular rash over the back, 
chest, abdomen and extremities. 

The red blood cell count was 4.06 million, 
white blood cell count 7,300 with 72 per cent 
neutrophiles and 28 per cent lymphocytes. 
Urinalysis was normal. Blood urea nitrogen 
was 11 mg. per cent and blood sugar 98 mg. per 
cent. Smear and culture of the eschar were 
negative for anthrax; blood culture was sterile. 
Heterophile antibodies were present in 1:112 
dilution on June 5th but absent on June 
27th. 

Aureomycin was started on June 6th, three 
days after admission, on a schedule of 250 mg. 
every four hours for six doses, then every six 
hours. A total of 4 gm. was given over three 
and a half days. The temperature became 
normal on June 7th after three doses of aureo- 
mycin. The headache persisted, however, but 
no new lesions appeared. In the evening of that 
day the patient had a bout of profuse perspira- 
tion and the headache ceased. The rash faded 
gradually and was gone by June 9th. The 
patient was discharged June 12, 1949. 

Comment: The initial lesion and regional 
lymphadenitis in this patient are typical of 
rickettsialpox as reported by others. Four days 
after the appearance of the initial lesion con- 
stitutional symptoms with fever developed and 
two days later a generalized papular eruption 
appeared. The temperature rose as the rash 
became generalized and declined as it faded 
over a seven- to eight-day period. The eschar 
persisted for over three weeks; this is typical of 
rickettsialpox. Support for the clinical diagnosis 
of rickettsialpox is found in the persistently low 
Weil-Felix reaction and a rising titer for com- 
plement fixing antibodies for antigens of the 


Rickettsialpox—LaBoccetta et al. 


Rocky Mountain spotted fever-rickettsialpox 
group. (Table 1.) 

This patient’s symptoms began twenty-six 
days after her son became ill, indicating that the 
disease was probably not contracted from him. 
The disease in the son was moderately severe 
and in the mother relatively mild. Since there 
was no recollection of an insect bite in either 
case, it was not possible to ascertain the incuba- 
tion period. 

CasEm. (Fig. 3.) C. A. R., a thirty-two year 
old white man, was admitted on February 20, 
1950, to the Woman’s Medical College Hospital, 
with the chief complaint of fever and stiff neck. 
Chilliness and sleepiness had been noted in mid- 
afternoon of February 15th. This malaise lasted 
for two hours and recurred on the two following 
days. On February 18th stiffness of the neck 
with pain on lateral motion was noted. Tem- 
perature was 100.6°F. On February 19, the day 
before admission, the patient had a severe chill 
in the afternoon with a temperature rise to 
102°r. Frontal headache, with pain behind the 
eyes, was moderately severe. There was a slight 
dry cough with soreness of the chest on cough- 
ing. Anorexia was marked; there was no nausea 
or vomiting. No other symptoms were described. 
The patient became concerned about the possi- 
bility of meningitis and sought examination on 
the morning of February 20th. 

After physical examination disclosed a small 
lesion on the abdominal wall the patient recalled 
that ten days earlier, while at work in a pharma- 
ceutical research laboratory, he had sustained 
what he thought was an insect bite. Itching was 
noted and, without inspecting the bite, he had 
scratched the wound occasionally during the 
afternoon. When he inspected the site in the 
evening a small red papule similar to a flea bite 
was present. This lesion thereafter was asymp- 
tomatic and was noted only while bathing. The 
patient was conducting experiments in a 
pharmacological laboratory where guinea pigs, 
dogs, rabbits, mice and rats were kept in the 
building; no unusual animal illnesses were 
noted and no strains of R. akari were being 
maintained anywhere in the plant. Mice were 
frequently observed in the building. No similar 
illness had been noted among the employees of 
the building but several associates had been ill 
during the winter with what was thought to be 
infectious mononucleosis. 

The patient’s past medical history was un- 
eventful. He had resided in Indiana, Texas, 
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Kentucky, West Virginia and Illinois before 
coming to Pennsylvania. He had had mumps, 
measles, scarlet fever, chicken pox and pertussis 
in childhood, without sequellae. Appendectomy 
had been performed in 1943 and tonsillectomy 
in 1936. 


February 1950 
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talia, rectum and extremities revealed no ab- 
normalities. There was moderate symmetric 
enlargement of axillary and inguinal lymph 
nodes. On the abdominal wall, in the right 
upper quadrant, was a sharply circumscribed 
red papule, 1.0 cm. in diameter, with a large 
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Physical examination on admission to the 
hospital revealed a moderately uncomfortable, 
flushed but not acutely ill young man. The 
temperature was 100.2°F., pulse 92 and respira- 
tions 24. There was punctate erythema of the 
soft palate and the posterior third of the hard 
palate. There was moderate enlargement and 
tenderness of the cervical lymph nodes, most 
marked along the left sternocleidomastoid 
muscle. Examination of the chest was negative 
and the heart was normal. Blood pressure was 
120/74. Examination of the abdomen, geni- 
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central black eschar or punctum. No evidence 
of generalized eruption could be detected. 
Initial laboratory studies included a normal 
hemoglobin and urinalysis. Leukopenia was 
present. Agglutination tests against typhoid, 
salmonella, brucella and proteus OX19 were 
negative. Blood culture showed no growth. 
The crusted center of the bite lesion was 
removed and examined microscopically for 
insect residua; none was found. Serum from the 
superficially abraided papule was examined 
under the darkfield microscope, and stained 'for 
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micro-organisms and inclusion bodies. No 
unusual findings were noted. 

The possibility of rickettsialpox was con- 
sidered and therapy was withheld in order to 
observe the patient for development of a rash. 
Although not appearing seriously ill, the patient 
had severe shaking chills at 4 p.m. on February 
20th and 4 a.m. on February 21st. Right axillary 
and inguinal lymph node enlargement and 
tenderness became more marked. No evidence 
of a rash could be detected, and at 6 P.M. 
aureomycin treatment was instituted, 250 mg. 
every six hours. At 9 p.m. a dozen fine erythe- 
matous macules were observed over the chest in 
front and in back. A chill of moderate severity 
occurred at 4 A.M. on February 22nd. The 
eruption was somewhat less prominent by 
morning and faded during the day so that 
examination at 2 p.m. revealed only suggestive 
faint macules. Lymph nodes were distinctly 
smaller and less tender, and the temperature 
rise that afternoon was not accompanied with 
chills. The patient thereafter was afebrile and 
asymptomatic except for fatigue on_ slight 
exertion. Aureomycin therapy was continued 
until February 28th, for a total of 7 gm. The 
initial lesion was present for one week after 
discharge from the hospital. 

A blood count on February 24th revealed 
4,200 white cells of which 42 per cent were 
lymphocytes, a majority of which showed the 
atypical nuclei and foamy basophilic cytoplasm 
seen in infectious mononucleosis. Heterophile 
antibody reactions were reported as follows: 
1:14 on February 20th; 1:28 on February 24th; 
1:56 on March 3rd; 1:14 on March 10th. 
Cephalin flocculation tests were 3+ on March 
3rd, 10th and 29th, negative on July 15th. 
Thymol turbidity test on March 10th showed 
1.3 units, with 3+ flocculation. Similar results 
were obtained on repetition on March 29th. A 
bromsulphthalein test showed no retention of 
dye and serum albumin and globulin were 
normal. 

The patient was considered to have infectious 
mononucleosis until serologic studies repeated 
eighteen days after admission revealed a nega- 
tive heterophile antibody test and strongly 
positive rickettsial complement fixation tests. 
(Table 1.) 

Comment: The appearance of constitutional 
symptoms five days after the initial lesion is 
compatible with rickettsialpox. The inguinal 
and axillary adenopathy, which was more 
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marked on the right side where the abdominal 
lesion was located, presumably represented the 
regional adenitis of the lesion. The headache, 
stiffness and pain in the neck which suggested 
early meningitis was also noted in Case 1. The 
secondary rash appeared eleven days after the 
initial lesion and six days after the constitutional 
symptoms began. The eruption was probably 
modified and prevented from assuming its char- 
acteristic appearance by aureomycin. 

Case iv. (Fig. 4.) J. S., a thirty year old 
white woman, was well until June 22, 1950, 
when she noted a lesion “‘resembling an infected 
hair follicle’? on the anterior surface of the right 
ankle. She had walked barefooted in the grass 
on June 19, 1950, while on a picnic near 
Croydon, Pennsylvania, a suburban town on 
the Delaware River about four miles north of 
the Philadelphia city limits. She was not aware 
of any insect, animal bite or trauma to the ankle. 
The lesion on the ankle became necrotic, 
crusted and black. On June 28th she complained 
of fever, chills, slight headache, malaise and 
generalized aches and pains. She was treated 
with penicillin on June 28th. On June 30th she 
vomited. A rash appeared on the left upper arm 
on July 1, 1950, which gradually spread over 
all the extremities and sparsely over the body. 
Three days later, July 4th, the patient had 
severe headaches, chills and body aches. She 
was admitted to the Philadelphia Hospital for 
Contagious Diseases on July 5th with the diag- 
nosis of Rocky Mountain spotted fever. The 
patient lives in the Richmond section of Phila- 
delphia, four blocks from Cases 1 and un. (Figs. 
5 and 6.) 

Examination revealed a well developed and 
well nourished white woman, in no acute 
distress, with a temperature of 103°F., pulse 100 
and a respiratory rate of 22. The significant 
findings were limited to a black eschar with an 
erythematous base over the anterior surface 
of the right ankle, and a discrete papular 
erythematous rash over the arms and legs with 
a few lesions scattered over the torso and face. 
Regional lymphadenitis was not apparent. The 
impression on admission was rickettsialpox or 
Rocky Mountain spotted fever. 

An X-ray of the chest was normal. The red 
blood cell count was 3.71 million; white blood 
cell count 7,100 with 60 per cent neutrophiles, 
38 per cent lymphocytes, 2 per cent eosinophiles 
and 11 gm. hemoglobin. Urinalyses were 
essentially normal. Agglutination tests for 
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Fic. 5. Case tv. Initial lesion of Rickettsialpox. 


typhoid O, H, paratyphoid A, B, and Bacillus 
abortus were negative. 

Aureomycin was started on July 5th 500 mg. 
every four hours until July 12th, the total 
dosage being 21 gm. over a seven-day period. 
The temperature dropped precipitously to 
normal within eight hours but did not remain 
normal until July 7th. On July 6th it was noted 
that the rash had faded and, although still 
weakened, the patient felt improved. The 
patient was free of complaints by July 10th, at 
which time the rash was completely faded and 
the base of the eschar on the ankle was ery- 
thematous. She was discharged on July 15th. On 
August 1st the eschar was still present but 
smaller in size. 

Comment: The distribution of the rash, the 
possible occurrence of a tick bite on the picnic 
and the Weil-Felix reaction suggest Rocky 
Mountain spotted fever. On the other hand, the 
presence of a primary lesion and the fact that 
the patient resides in the vicinity of Cases 1 and 
u favor rickettsialpox. It is unlikely that this 
patient was infected with R. akari on June 19th 
on the picnic as the incubation period of 
rickettsialpox from mite bite to initial lesion is 
probably longer than three days.! The incuba- 
tion period of rickettsialpox from the time of 
exposure to the appearance of the lesion in a 
laboratory worker was seven days, and twelve 
days to systemic symptoms.'! According to 
Parker, the incubation period of Rocky Moun- 
tain spotted fever from the tick bite to systemic 
symptoms may be as short as three days but 
initial lesions rarely occur.!° The tick bite lesion, 
when it occurs, does not resemble the lesion 
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Fic. 6. Case tv. Rickettsialpox rash. 


described in rickettsialpox. Ticks may leave 
puncture marks or a hemorrhagic area at the 
site of the bite in Rocky Mountain spotted fever. 
Occasionally, bacteria may be introduced fol- 
lowed by abscess formation.!® Although initial 
lesions have been observed occasionally in 
Rocky Mountain spotted fever,!! the character- 
istic eschar, the agglutinins for proteus OX19 
in only a low titer favor the diagnosis of rick- 
ettsialpox or a related rickettsia. The patient 
lives within four city streets of Cases 1 and n, 
indicating the probability of an endemic focus 
of rickettsialpox in the community. 


EPIDEMIOLOGIC SURVEY 


When the mother of the first patient, Mrs. 
M. S. (Case 1), was admitted to the Phila- 
delphia Hospital for Contagious Diseases (on 
June 3rd) with a similar illness, the Division of 
Communicable Disease Control, with the co- 
operation of the Virus Diagnostic Laboratory, 
set up a program to survey the neighborhood of 
these patients and of another patient with Rocky 
Mountain spotted fever in Frankford, an ad- 
jacent community. Forty-nine homes were 
canvassed in the Frankford and Richmond 
sections of the City. In addition to the regular 
identifying data, information concerning the 
presence of scabs or rashes, travel habits and 
illnesses occurring in the preceding three years 
was obtained. Of 274 persons interviewed, blood 
specimens were obtained from eighty. Studies 
failed to reveal any cases of rickettsial infection 
not already known to the Health Department. 

The Richmond area is one of the older sections 
of the City and is situated near the Delaware 
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River. The area is industrial in character with 
most of the homes owned by the occupants. 
Housing conditions are average, with very few 
substandard homes. The home of Cases 1 and 1 
is located next door to a livery stable. Attempts 
to trap mice and mites in this stable and the 
home, however, were unsuccessful. Since the 
search for mice and mites could not be carried 
out at the time the patients became ill and the 
investigations were delayed for several months, 
the failure to demonstrate the presence of the 
animals and vectors does not rule out their 
existence in the area. Adequate epidemiologic 
investigation was, unfortunately, not possible 
in the pharmaceutical laboratory where Case 
11 apparently became infected. 


LABORATORY STUDIES 
Materials and Methods 


Rickettsial antigens: Antigens* of the “‘soluble”’ 
type were used. One series of tests with washed 
rickettsial antigens was performed for us through 
the kindness of Dr. J. E. Smadel at the Army 
Medical Department Research and Graduate 
School. 

Proteus antigens: Proteus OX19 antigen* for 
rapid slide test, OX2, and OXK for the “‘test 
tube” agglutination tests were made available 
to us through the courtesy of the Bureau of 
Laboratories, Department of Health, Common- 
wealth of Pennsylvania. 

Methods: The complement fixation test was 
performed by the method previously described.!” 
Agglutination tests were made by several 
methods: 

(1) Rapid slide agglutination: This was car- 
ried out according to the technic recommended 
by directions accompanying the antigen. 

(2) The ‘“‘shake and centrifuge’? method: In 
this procedure serial dilutions of serum in 0.5 
ml. amounts were mixed with 0.5 ml. amounts 
of antigen in recommended dilution. The tubes 
were first shaken in the Kahn shaker for three 
minutes and then centrifuged at approximately 
2,000 RPM for twenty minutes. The degree of 
agglutination was determined by observing the 
manner in which the sedimented bacteria 
became resuspended on gently tapping the 
tube. 

(3) Slow agglutination at 37°c.: The usual 
procedure of mixing serial serum dilutions in 
0.5 ml. amounts with a single dilution of 0.5 ml. 


* A product of Lederle Laboratories, New York, N. Y. 
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amounts of antigen. Tubes were incubated at 
37°c. for two and one-half hours and then 
placed in the refrigerator for approximately 
sixteen hours. The tubes were again incubated 
at 37°c. for fifteen minutes before reading. 

(4) Slow agglutination at 52°c.: Same as 
method 3 except that the tubes were kept at 
52°c. for the entire period of incubation (ap- 
proximately nineteen hours). The results of the 
various serologic tests are shown in Table 1. 

All of the patients showed a rise in antibody 
titer to the agent of rickettsialpox as demon- 
strated by the complement fixation test. When 
tests were made with the antigen of Rocky 


’ Mountain spotted fever a reaction was also 


noted. Usually this reaction was of about the 
same magnitude as with the rickettsialpox 
antigen. Occasionally, especially in one of a 
series of tests on serum No. 2 of Case 1, R. S., a 
pronounced difference in titer was noted in 
favor of the rickettsialpox antigen (1:64 vs. 
1:8). It is quite obvious that the complement 
fixation test with these two antigens does not 
differentiate between Rocky Mountain spotted 
fever and rickettsialpox. A similar serologic 
pattern was obtained on specimens of Case 1, 
R. S., and Case u, M. S., by Dr. Morris Green- 
berg of the Department of Health, New York 
City. None of the sera tested reacted with the 
antigens of epidemic and murine typhus. As 
shown in Table 1, the complement fixation test 
with washed antigens, as performed at the 
Army Medical Department Research and 
Graduate School, yielded stronger reactions 
with the rickettsialpox than with the Rocky 
Mountain spotted fever antigen. 

The agglutination test with both proteus 
OX19 and OX2 showed reactions only in low 
dilutions. These sera, as well as several from 
patients with Rocky Mountain spotted fever, 
gave negative results with proteus OXK. 

Table 1 shows comparative agglutinations in 
the four patients described in this article with 
four patients with a diagnosis of Rocky Moun- 
tain spotted fever selected at random and tested 
at the Virus Diagnostic Laboratory. It is un- 
fortunate that more specimens could not be 
tested and that many of the available sera were 
in quantities too small to permit additional 
tests. The highest titers were shown by the 
“shake and centrifuge’? method; the 52°%c. 
incubation gave higher titers than the 37°c. 
incubation method. The sera shown in Table 1 
were obtained about two to three weeks after 
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the onset of illness. It appears that the Weil- 
Felix reaction is helpful in the differential 
diagnosis—two of the patients with Rocky 
Mountain spotted fever showed relatively high 
antibody titers—but cannot be relied on as a 
critical differential procedure. More extensive 


TABLE Il 
COMPARISON OF THE WEIL-FELIX REACTIONS OF OUR 
PATIENTS WITH FOUR CASES OF ROCKY MOUNTAIN 
SPOTTED FEVER 


} 


| 


Rocky Mountain 


Spotted Fever | Rickettsialpox 


Maximum Weil-Felix 
Titers 


Maximum Weil-Felix | 
Titers | 


0X19) 0X2 | Patient 


1,827 
1,621 
3,865 
1,841 
Geometric 
mean 


Case 1, R. S. 

Case M. S. 
Case m1, C. A. R. | 
Case tv, J. S. 


Figures are the reciprocal of the dilutions. 


work on the serologic pattern as it pertains 
to the antirickettsial and antiproteus antibodies 
in these rickettsial disease is clearly indicated. 


OBSERVATIONS 


Since the reservoir of rickettsialpox, Mus 
musculus, and the vector, Allodermanyssus 
sanguineus, are so widespread, the disease in 
man is probably more prevalent than heretofore 
recognized.* With increased awareness of the 
existence of the disease by physicians, and the 
knowledge that the disease is not confined to 
New York City, more cases presumably will be 
diagnosed. Typically, the first manifestation of 
rickettsialpox is a primary lesion at the portal 
of entry of the causative agent. Constitutional 
symptoms usually appear within one week and 
are followed in several days by an eruption. 
Complement fixing antibodies for the Rocky 
Mountain spotted fever-rickettsialpox group 
appear during convalescence while agglutinins 
for Proteus vulgaris (Weil-Felix) do not as a 
rule appear in significant titers. 

The primary lesion was absent in one of 
twelve cases observed by Barker,’ and in four 
of eighty-six cases studied by Greenberg et al.’ 
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Rose was unable to find a primary lesion in 
six of thirty-five patients reported by him." A 
primary lesion in the presence of a generalized 
maculopapular eruption is good evidence for 
the presumptive diagnosis of rickettsialpox. The 
primary lesion may be obscurely located in the 
scalp, nostrils or on the genitalia. One must keep 
in mind the possibility of the disease occurring 
without a primary lesion, the portal of entry 
being other than the skin, such as perhaps the 
respiratory system. A primary lesion, somewhat 
resembling the eschar of healing cutaneous 
anthrax, was seen in three of our patients. 

The similarity of this disease to varicella has 
probably been overemphasized. None of our 
patients had vesiculation of the rash to suggest 
the diagnosis of varicella. Treatment with 
specific antibiotics apparently influences the 
rash and may abort or modify the rash if used 
early in the disease. Confirmation of the diag- 
nosis is obtained by isolation of the R. akari or 
by demonstrating a rising antibody titer in the 
patient’s serum for rickettsialpox antigen. 
Isolation of R. akari from the patient’s blood 
has been achieved occasionally but is not prac- 
tical as a routine diagnostic procedure. The 
major difficulty with the serologic test is that 
cross reactions occur between rickettsialpox and 
Rocky Mountain spotted fever antigens."! 
Serologic findings should not be considered 
significant unless the complement fixation test 
for rickettsialpox is positive in a high titer and 
agglutination for proteus OX19 (Weil-Felix 
test) does not occur in higher than 1: 80 dilution. 

Apparently, heterophile antibodies may ap- 
pear temporarily in low titers in rickettsialpox, 
as noted by Barker’ and as observed in three of 
our patients. Other features characteristic of 
infectious mononucleosis were observed in one 
patient (Case m1): the generalized lymphade- 
nopathy, atypical lymphocytes and a positive 
cephalin flocculation reaction. It would appear 
desirable to perform serologic tests for rick- 
ettsial infection in patients who appear to have 
infectious mononucleosis, especially in those 
patients who exhibit a marked response to 
treatment with aureomycin, terramycin or 
chloromycetin. 

One of our patients (Case tv) presents clinical 
features and borderline laboratory findings of 
Rocky Mountain spotted fever and rickettsial- 
pox. It is appreciated that Rocky Mountain 
spotted fever should be given serious considera- 
tion but the presence and duration of the 


| 
| 
| | | 
| 40 | 20 | 40 | 80 
| 40 | 80 | 40 | 40 
| 320 | 160 | 20 | 20 
| 640 | 40 | | 80 | 20 
| | | 
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primary lesion and the residence of the patient 
strongly favor rickettsialpox. The distribution 
of the rash, which was heavy over the ex- 
tremities and sparse over the torso, and the 
Weil-Felix titer (1:80), which was the highest 
of the four patients, suggest Rocky Mountain 
spotted fever. 

Absolute proof of the etiology of rickettsialpox 
has not been established in any of our patients. 
Whereas in an endemic area a clinical and 
serologic diagnosis may suffice, in an area 
where this disease has never been reported, proof 
of its existence actually requires the demonstra- 
tion of R. akari in the human host, the vector 
or the reservoir. It was impossible to do this in 
our studies. However, the following features and 
findings strongly suggest that these patients had 
rickettsialpox: (1) three of the four patients from 
the same city area; (2) two cases in one house- 
hold; (3) no history of tick bites; (4) typical 
eschar in three of the four patients; (5) nega- 
tive Weil-Felix tests in dilution higher than 
1:80; (6) positive complement fixation tests with 
antigens of the Rocky Mountain spotted fever- 
rickettsialpox group in high dilutions; (7) rela- 
tively strong complement fixation reaction with 
washed rickettsialpox antigen. 


SUMMARY AND CONCLUSIONS 


1. Four patients with clinical and laboratory 
findings compatible with rickettsialpox, appar- 
ently incurred in metropolitan Philadelphia, are 
reported. 

2. Clinical and serologic evidence for the 
diagnosis included eschars in three patients, 
rashes and constitutional symptoms, significant 
titers against washed and unwashed rickettsial- 
pox antigen, and slight or negative Weil-Felix 
reactions. 


Acknowledgments: Lillian P. Kravis, M.D., par- 
ticipated in the comparative laboratory investi- 
gation of Rocky Mountain spotted fever and 
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Maria Kirber, ph.p., assisted in the clinical 
study of the patients. 
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Octamethyl Pyrophosphoramide in the 


Therapy of Myasthenia Gravis 


Capt. GreGcory, JR., M.c., E. D. Futcu, m.p. and C. T. Stone, 


Galveston, Texas 


HE value of alkyl phosphates, notably 
| tetraethylpyrophosphate, is well estab- 
lished in the treatment of myasthenia 
gravis. While these compounds were used first 
as insecticides, their powerful cholinergic action 
in mammals suggested that they might be of 
value in the therapy of this condition. Although 
TEPP has proved to be the most effective and 
practical anticholinesterase drug to date, certain 
of its properties make it desirable to find a still 
more reliable therapeutic agent. The undesir- 
able qualities of TEPP have been enumerated 
by Stone and Rider! and include (1) narrow 
range between toxic and therapeutic dose; 
(2) serious toxic manifestations of central 
nervous system origin, including convulsions 
and unconsciousness; (3) marked instability of 
the compound with prompt hydrolysis to inert 
diethyl acid phosphate on contact with water. 
Similar objections were raised by the same 
authors to neostigmine and included brief 
duration of action (two hours), undesirable side 
effects, erratic control of severe cases and oc- 
casional necessity for parenteral administration. 
Octamethyl pyrophosphoromide (OMPA) is 
a colorless, viscous liquid when approximately 
99 per cent pure. Further purification results 
in solidification. The compound is miscible with 
water in all proportions and is soluble in most 
organic solvents. It is not hydrolized by water 
or alkali and is therefore relatively stable. (F ig.1.) 
In their search for a cholinergic organic 
phosphate with a predominantly peripheral site 
_of action, DuBois et al.? found that octamethyl 
pyrophosphoramide, although comparatively 
ineffective zn vitro, is a powerful anticholinesterase 
agent in vivo. This is due to the fact that it is 
converted by the liver under aerobic conditions 
into an anticholinesterase substance. This sub- 
stance has, as yet, not been identified, although 
DuBois believes that the reaction probably in- 


volves oxidation. In contrast to the action of 
alkyl phosphates (TEPP), brain cholinesterase 
is not affected in vivo, apparently due to inability 
of the active metabolite to gain access to the 
central nervous system. The inhibition of periph- 
eral cholinesterase appears to be irreversible 
in vitro. 

Symptoms of acute poisoning in dogs after a 
lethal dose are principally signs of extreme 
gastroenteric stimulation followed by muscular 
fibrillation, tremors, weakness and, finally, 
prostration, bradycardia and respiratory de- 
pression. In contrast to TEPP there are no 
convulsions, depression of consciousness or 
reflex changes. Atropine will prevent or abolish 
all peripheral manifestations of parasympa- 
thetic stimulation and will substantially increase 
the LDso. 

These properties make it evident that OMPA 
is an effective cholinergic drug without the 
undesirable properties of TEPP and neostig- 
mine. Its effects in patients with myasthenia 
gravis have been reported by Rider, Schulman, 
Richter, Moeller and DuBois.* 

At the present time, sixteen patients with 
myasthenia gravis have received OMPA at the 
John Sealy Hospital. From Table 1 it will be 
seen that the duration and severity of their 
disease varied considerably as judged from the 
prostigmine requirement. Cases 1, 3, 8, 9, 10 and 
13 were almost incapacitated and were frequently 
unable to care for themselves. Case 3 had been 
confined to bed three years and was unable to 
walk, even with assistance. Case 9 was fre- 
quently unable to take her own neostigmine, 
orally or parenterally. The conditions of the 
remaining ten patients were moderately severe 
to mild. 

Duration of illness ranged from seven months 
to eleven years and averaged four years. The 
severity of the disease was not positively corre- 


* From the University of Texas—Medical Branch, Galveston, Tex. 
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lated with its duration, nor was the response to 
OMPA. Significant spontaneous remission had 
occurred in only one instance (Case 12). Tempo- 
rary improvement occurred coincidentally with 
previous therapeutic efforts in some cases. 

Five patients (31 per cent) had had thy- 


TEPP 


DFP 


Fic. 1. Chemical structures of three long-acting anti- 
cholinesterase agents. 


mectomies. Two operations were performed at 
John Sealy Hospital and three elsewhere. None 
of the glands showed malignant changes. 
Temporary improvement occurred postopera- 
tively in three cases and has persisted to lesser 
degree in one patient (Case 4). 

Four patients who have received OMPA have 
died; in one instance TEPP had been substituted 
at the time of death. These will be discussed 
individually. 

Of sixteen patients taking OMPA, all have 
found it to be the most satisfactory preparation 
yet obtained. The most significant improvement 
over previous drugs is its uniformity of action 
with maintenance of strength at corresponding 
levels throughout the day. Patients are able to 
go about their morning toilet and to some 
extent their regular daily occupations. When 
taking only neostigmine some of them fre- 


quently were unable to take their first dose on | 


awakening because of weakness or difficulty 
in swallowing. This serious problem has not 
arisen after adequate dosage of OMPA has 
been attained. 

The amount of improvement obtained is 
variable. Our patients are told that they can 
expect to attain no more than their maximum 
strength and endurance provided by neostig- 
mine, but that the improvement will be main- 
tained throughout the day. In thirteen cases 
the patients have felt subjectively stronger 
while taking OMPA than their maximum 
strength on neostigmine. This, they believe, is 
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independent of the more uniform action. The 
difference is less marked when the results using 
TEPP are compared. Of seven patients who 
have received both drugs, four felt stronger 
when using OMPA and two when taking TEPP. 
One (Case 2) was unable to tolerate an effective 
dosage of TEPP. One patient (Case 4) who 
preferred TEPP was forced to use OMPA 
because of toxic manifestations (convulsions) of 
the former drug. 

The second important advantage of OMPA, 
primarily over TEPP, is inherent in its pharma- 
cologic property of being exclusively peripheral 
in action. It is this factor that accounts for the 
lack of serious toxic symptoms. In two of our 
patients (Cases 4 and 7) generalized convulsions 
occurred while receiving TEPP. The added 
symptoms of weakness may, at times, create 
confusion as to whether the remedy or the 
disease is responsible. On the other hand, the 
first toxic effect of OMPA has uniformly con- 
sisted of abdominal cramping and diarrhea. 
Further increases in dosage lead to increase of 
these symptoms rather than to more serious 
toxic manifestations, without further enhance- 
ment of muscle strength. Two other side effects 
of OMPA have been reported. Moderate 
sweating occasionally occurs and has _ been 
noticeable in four patients. Two patients have 
experienced difficulty with distant vision ap- 
parently caused by spasm of the ciliary muscles 
(Cases 12 and 15). This has not occurred after 
slight reductions of dosage. 

Another advantage of OMPA over TEPP 
lies in its chemical stability. Two of our patients 
found it impossible to maintain effective control 
without toxic effects using TEPP because of 
variability in the potency of that drug. Two who 
traveled were unable to keep their supply of 
TEPP refrigerated. These faults are not inherent 
in OMPA which is relatively stable. 

OMPA* is dispensed as a 1 per cent solution 
in distitled water or propylene glycol, the latter 
being more satisfactory. It requires no refrigera- 
tion or other special precautions in handling to 
prevent deterioration. Patients are taught to 
measure it accurately in a dry tuberculin 
syringe and to dilute it in a few ounces of water 
or fruit juice. No neostigmine is permitted 
within three hours of the administration of 
OMPA since there appears to be antagonistic 
action within this period. It is probable that 


* OMPA has been made available to us in 25 mg. 
ampules by Eli Lilly and Co. 
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neostigmine given within one and one-half or 
two hours of the administration of OMPA in- 
hibits the effective action of the latter by com- 
bining with cholinesterase. Since this combina- 
tion is unstable, the cholinesterase is released 
after OMPA metabolite has been destroyed or 
excreted and full effects are not obtained. 
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strength, four 15 mg. tablets being the maximum 
requirement (Case 3). Patients receiving OMPA 
find that the side effects of neostigmine are 
greatly potentiated, the most troublesome being 
abdominal cramps and_ sweating. Caution 
therefore should be observed in the parenteral 
administration of neostigmine to patients 


TABLE I 
EFFECTS OF OCTA-METHYL-PYROPHOSPHORAMIDE ON MYASTHENIA GRAVIS 


Duration 


Sex of Thymec- 


Prostigmine Dose 


Duration 
of 


Patient | and 


Disease 


(yr.) 


tomy 


Therapy Activities 


(mo.) 


Yes 
No 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 


2). 187 
F, 35| 122 
M, 22| 180 
F, 28| 119 
M, 50} 155 
M, 23| 134 
M,55| 129 
M, 180 
F, 37| 149 
F, 123 
M, 36| 146 
F, 24| 115 
F, 17| 101 
130 
M, 54) 155 | 

| | | 


A NAP WND 


Very slightly restricted 

Slightly restricted 

Slightly restricted 

Unrestricted 

Died 

Died 

Died 

Moderately restricted 

Died 

Moderately restricted 

Unrestricted 

Very slightly restricted 

Unrestricted 

Unrestricted 

Moderately restricted 
Slightly restricted 


nr 


* Left hospital before full dosage attained 


The dose in our cases ranged from 14 to 
36 mg. per day, with an average of 24. This 
amount is given in divided doses after the 
morning and evening meals. In _ initiating 
therapy patients are begun on 5 mg. twice a 
day. The dose is increased by 2 mg. daily until 
18 mg. per day are given. After two or three 
days the dose is again increased by 1 mg. every 
two or three days until abdominal cramps or 
diarrhea occur. These symptoms have appeared 
in all patients receiving a therapeutic dose 
are used as an indication of full therapeutic 
effect. In our experience, these symptoms are 
of more value in regulating dosage than are 
serum and red cell cholinesterase levels. The 
untoward symptoms are usually well controlled 
by adequate doses of belladonna. In only one 
instance (Case 4) has it been necessary to reduce 
the dose from maximal response because of 
diarrhea. Some of the patients require the use 
of added doses of neostigmine for maximum 
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receiving OMPA. The following cases are 
illustrative: 

P. M., a colored female age twenty-two, had 
myasthenia gravis of three years’ duration. She 
experienced a stormy course after thymectomy, 
as reported in detail elsewhere. Before TEPP 
became available she required 200 to 300+ mg. 
of neostigmine daily and her activities were 
severely limited. On TEPP she was able to be 
“up and around almost at will” but could walk 
only short distances. She required 60 mg. of 
neostigmine bromide daily, in addition to 
TEPP. After changing to OMPA she experi- 
enced additional increase in strength, and was 
able to walk several blocks without undue 
fatigue. She performed all her housework and 
has undergone two uneventful pregnancies. She 
no longer requires additional neostigmine. She 
feels somewhat weaker at the time of her 
menstrual periods and requires an extra 5 mg. 
of OMPA for several days. Her only side effects 


| 
| | | | | | 
| mg. /day | Mg. | 
_ OMPA | 
| | | Before | After | /day | Ei | 
| | | | | OMPA | OMPA | | 
300 | 0 32.5 | 19 | 
450 0 23 4 
| | 810 | 60 36 18 
120 o | 14 20 
450 | 30 28 * | 2 
150 22* 
180 30 24 | 
| 300 0 24 | | 
| 410 15 | | 
10 | TH 20 | 
11 60 | 18 | | 
12] WD 180 | 30 | 
13 | BJW 
16 | LB | 
| | | | 
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are abdominal cramps which are controlled 
by atropine. This case represents excellent 
response to anticholinesterase drugs. Although 
not entirely normal, she is able to perform her 
household chores and care for her increasing 
family. 

B. W., a white male age twenty-two, had 
myasthenia gravis of six years’ duration. He had 
a thymectomy in 1947 with transient improve- 
ment. His dose of oral neostigmine ranged as 
high as 720 mg. plus 3 mg. parenterally. This 
dose was minimal because of financial con- 
considerations and he was bedridden. He 
experienced rapid fatigue on talking and writ- 
ing. He has obtained continued improvement 
on OMPA and is able to drive a jeep 80 miles 
a day over country roads and is self-supporting. 
His OMPA ration is supplemented by 45 to 
60 mg. of neostigmine bromide daily. 

Both these cases represent outstanding results. 
While improvement has been immediate and 
remarkable, the possibility of spontaneous re- 
mission must be borne in mind since myasthenia 
gravis characteristically runs a variable course. 

E. P., a white female age twenty-eight, had 
myasthenia gravis of two years’ duration. She 
required 120 mg. of oral neostigmine per day 
before thymectomy. Partial remission occurred 
after operation, with increased strength from 
90 mg. of neostigmine. She experienced excel- 
lent response to TEPP plus 75 mg. of neostig- 
mine and felt entirely normal. It was necessary 
to change to OMPA because of convulsions and 
coma. She was able to take only 18 mg. of OMPA 
per day, and later required reduction to 14 mg. 
for relief of severe cramping and diarrhea. On 
this dose she feels less strong than with TEPP 
but requires only occasional neostigmine. She 


is able to perform all her housework except | 


ironing, and is much stronger than when using 
neostigmine alone. This is the only patient 
who required reduction of optimal dose due to 
untoward effects. Her disease was not severe. 

Four patients in our series have died, only 
one while in John Sealy Hospital. 

L. F. R., a white male age fifty-five, had 
myasthenia gravis of three years’ duration. 
Before thymectomy he required 180 mg. of 
neostigmine bromide daily. After thymectomy 
he was given TEPP and required only 30 mg. 
of neostigmine a day. He was able to resume 
his occupation as a barber. He developed homo- 
logous serum hepatitis after surgery and did not 
recover normal liver function, nor was he able 
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to return to work. He was changed to OMPA 
and felt somewhat improved for a short period 
but continued to lose weight and _ strength. 
He was rehospitalized two months before his 
death and was found to have severe liver dys- 
function, although not jaundiced. His strength 
improved considerably on vigorous lipotrophic 
and supportive care but his liver function studies 
revealed increasing liver involvement. He was 
discharged from the hospital only to return after 
one week, having collapsed at home where he 
had contracted influenza. On the first hospital 
night he experienced respiratory failure but 
responded to the intravenous administration of 
1 mg. of neostigmine. Because of the possibility 
of incomplete conversion of OMPA to the active 
metabolite by his damaged liver, OMPA was 
discontinued and TEPP begun. This medication 
was poorly tolerated, and he complained con- 
tinually of nausea, abdominal cramps and 
drenching sweats. Efforts to control his respira- 
tory infection were disappointing. After he 
appeared to be improving spontaneously he 
suddenly became weak, experienced marked 
respiratory distress which failed to respond to 
parenteral neostigmine, and rapidly expired. 

At autopsy no evidence of recurrence of the 
thymic tumor was noted. The liver weighed 
1,400 gm. Gross appearance was indistinguish- 
able from portal cirrhosis. Microscopic ex- 
amination, however, showed typical findings 
of chronic active hepatitis. 

This case was one of severe myasthenia com- 
plicated by equally severe progressive liver 
disease. To this was added epidemic influenza. 
This type of death, rapid respiratory failure, 
is characteristic of myasthenic crisis. 

B. C., a white female age twenty-three, had 
myasthenia six years. Transient partial remission 
occurred after thymectomy. At the time of ad- 
mission she had required 30 mg. of neostigmine 
every two hours, day and night, and was con- 
fined to her home. She had become progressively 
weaker during the five months before admission, 
at times being unable to swallow her first morn- 
ing dose of neostigmine and to give herself an 
injection. On OMPA she experienced approxi- 
mately 50 per cent increase in strength which 
was maintained through the twenty-four hours. 
Two months after discharge from John Sealy 
Hospital she expired in a myasthenic crisis. 

Two other deaths occurred elsewhere in 
patients who had left the hospital before the 
dose of OMPA had been increased to tolerance. 
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Description of their deaths by attending physi- 
cians paralleled the one described previously and 
consisted of sudden respiratory weakness unre- 
sponsive to parenteral neostigmine. 

It is necessary to conclude from these fatal 
cases that long-acting anticholinesterase drugs 
will not protect against crisis of myasthenia. 
At such times, neostigmine likewise has failed 
to elicit response. 


SUMMARY AND CONCLUSIONS 


Experiences with a new drug, OMPA, in the 
therapy of patients with myasthenia gravis are 
described. OMPA possesses most of the desir- 
able characteristics and none of the important 
undesirable properties of TEPP and neostig- 
mine. These include oral administration, pro- 
longed and uniform action, chemical stability, 
absence of central nervous system toxic effects 
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and ease of determining maximum dosage. 
Fifteen of sixteen patients had less limitation of 
activity following OMPA than with the use of 
any other drug. It is the most satisfactory 
preparation we have found in managing patients 
with myasthenia gravis. 

Fatalities which occurred indicate that wholly 
effective treatment for myasthenia gravis has 
yet to be found. 
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Triethylene Melamine in Clinical Cancer 


Chemotherapy” 


ALFRED GELLHORN, M.D., MORTON M. KLIGERMAN, M.D. and ISRAELI JAFFE, M.D. 
New York, New York 


OLLOWING the introduction of nitrogen 
mustard (HN:) as a chemotherapeutic 
agent for the management of disseminated 
malignant lymphomas and inoperable broncho- 
genic carcinoma in 1943, hundreds of closely 
related compounds have been synthesized and 
studied experimentally. Although a small num- 
ber of these demonstrated certain advantages 
over HN, in the laboratory, clinical evaluation 
failed to justify their substitution for the com- 
monly employed nitrogen mustard. Recently, 
however, a related chemical compound has been 
examined both in the laboratory and in clinical 
therapy which offers significant advantages over 
HN, in selected cases. This drug, triethylene 
melamine, is effective after oral administration 
and the incidence of immediate toxic manifesta- 
tions is appreciably less than with the intra- 
venous nitrogen mustard. 
The present report will summarize the ex- 


CH.CH,Cl 


perience of this clinic in forty-four cases treated 
during the past two years. At the outset it can 
be stated that the drug does not cure any 
malignant disease. Emphasis will be placed on 
the indications, limitations, dosage and toxicity. 
The experimental observations which provided 
the basis for clinical trial have been reported by 
Rose! and Philips,? and detailed discussion of 
the drug in cancer chemotherapy has been pre- 
sented by Karnofsky et al.* and Wright et al.‘ 


METHOD OF ADMINISTRATION AND DOSAGE 


Triethylene melamine has routinely been ad- 
ministered orally together with 2 gm. of sodium 
bicarbonate. The drug and the alkalinizing 
agent are given on awakening in the morning 
and breakfast is delayed for two hours there- 
after. In our experience sodium bicarbonate 
appears to be an important adjuvant. The 


CH, 


in alkaline 


CH;—N 


+ 


solutions 


Nitrogen mustard 


CH.CH,Cl 


Ethylene immonium cation 


in acid 


solutions 


CH, 


Triethylene melamine 


+ The triethylene melamine used in this investigation 
was generously supplied by Dr. J. M. Ruegsegger, 
Lederle Laboratories Division, American Cyanamid 
Company, Pearl River, N. Y. 


H.C 


Ethylene immonium cation 


rationale for its use rests on the chemical charac- 
teristics of the drug when in solution. This can 
most readily be understood from the above 


* From the Departments of Medicine and Radiology, College of Physicians and Surgeons, Columbia University: 
and the Presbyterian Hospital, New York, N. Y. This work was supported in part by a grant from the American Cancer 
Society on the recommendation of the Committee on Growth of the National Research Council and in part by the 


Alma Toorock Memorial Fund. 
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reactions which contrast nitrogen mustard and 
triethylene melamine. 

It will be recalled that the biologic activity of 
nitrogen mustard depends upon an intramolecu- 
lar cyclization with the formation of an ethylene 


CH, 


—N 
CH, 


immonium cation 


formation occurs with great rapidity in alkaline 
solutions and only very slowly in acid solutions. 
Triethylene melamine has three ethylene imine 
radicles but the formation of the biologically 
active ethylene immonium cation takes place 
readily only in acid solutions. 

In order to prevent the formation of this 
chemically reactive form of triethylene melamine 
in the acid gastric juice, sodium bicarbonate is 
given. This theoretically prevents reaction of the 
drug with substances in the gut and allows 
systemic absorption of the entire dose. That 
these theoretic chemical considerations have 
practical clinical application is indicated by the 
fact that we have found the dosage to be quite 
constant from patient to patient. In the reported 
series of Karnofsky and of Wright the dosage 
varied from 10 to over 100 mg. Our method of 
administration of triethylene melamine differs 
from that of these investigators only in the addi- 
tion of sodium bicarbonate. The variability in 
dosage in other clinics may be reasonably ex- 
plained by partial and unpredictable reaction 
of a proportion of the administered dose in the 
gastrointestinal tract. Since it is necessary to 
wait ten days to two weeks to determine the 
extent of hematopoietic depression, it is obvious 
that titration of dosage against therapeutic effect 
and toxicity may be difficult and prolonged; and 
therefore any measure which reduces dose 
variation is useful. 

In our experience the addition of sodium 
bicarbonate to the regimen has made it possible 
to restrict the dosage range to from 5 to 15 mg. 
In patients with Hodgkin’s disease without bone 
marrow depression, it is our practice to give 
5 mg. of triethylene melamine with 2 gm. of 
sodium bicarbonate on two successive mornings. 
In the majority of cases this constitutes the thera- 
peutic course. In an occasional patient an addi- 
tional 5 mg. of TEM may be given two weeks 
later if full therapeutic effect has not been 
achieved and leukopenia has not developed. 
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We have confirmed the observations of Karnof- 
sky that lymphosarcomas and chronic lympho- 
cytic leukemia are particularly sensitive to the 
drug. For these cases it is customary to give 
2.5 mg. with bicarbonate on two successive days. 

The single death due to triethylene melamine 
in our series was that of a young woman with 
fulminating Hodgkin’s disease who received one 
injection of intravenous nitrogen mustard at a 
dosage of 0.2 mg. per kg. and then one week 
later was started on triethylene melamine. She 
received 20 mg. of this drug in a period of one 
week, with 2 gm. of sodium bicarbonate given 
with each 5 mg. of triethylene melamine. The 
temperature curve, which had been spiking 
daily to 105°F., returned to normal in one week 
and subjectively the patient was greatly im- 
proved. After a remission of two weeks, however, 
severe pancytopenia developed and she died 
with signs and symptoms of intracranial bleed- 
ing. This experience demonstrates the potency 
of the drug and indicates the narrow margin 
between therapeutic and lethal doses. 


RESULTS 


On the basis of the laboratory evidence which 
has demonstrated the close parallel in pharma- 
codynamic action of nitrogen mustard and 
triethylene melamine it was not considered 
necessary to explore extensively the therapeutic 
action of the latter drug against a broad spec- 
trum of human tumors. The assumption that 
triethylene melamine would be most useful in 
the management of the malignant lymphomas 
and the chronic leukemias was borne out in our 
experience, and the reported observations of 
Karnofsky and of Wright lend further support 
to this conclusion. 

Table 1 summarizes the forty-four cases 
studied together with a qualitative indication 
of the response to therapy. Improvement in 
patients with Hodgkin’s disease was measured 
by decrease in peripheral and mediastinal 
lymphadenopathy, diminution of hepatospleno- 
megaly, drop of the sedimentation rate and 
fever, and subjective improvement. It was noted 
that the onset of remission following triethylene 
melamine was appreciably slower than following 
intravenous nitrogen mustard, usually occurring 
between ten and fifteen days after the com- 
pletion of treatment. This delay in apparent 
therapeutic effect proved to be a disadvantage in 
the management of patients with high tempera- 
ture and severe constitutional symptoms. 


- 
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As was mentioned in the preceding section, 
the lymphosarcomas and chronic lymphocytic 
leukemias appear to be particularly sensitive to 
the cytotoxic action of triethylene melamine. 
In patients with these diseases there was a de- 
crease in lymphadenopathy and _ peripheral 


TABLE I 
DISTRIBUTION OF CASES AND RESULTS 
OF TRIETHYLENE MELAMINE TREATMENT 


Duration of 
Improvement 
Following 
a Course of 


Disease TEM (Mo.) 


Hodgkin’s disease 
Lymphosarcoma 

Chronic leukemias 
Bronchogenic carcinoma. . 
Anaplastic carcinoma... . 
Reticulum cell sarcoma... 
Ewing’s tumor 
Rhabdomyosarcoma 


KAS 


lymphocytosis following small doses of the drug. 
Improvement in these patients was subjective 
as well as objective, but impressive spontaneous 
rises of hemoglobin in the chronic leukemia 
patients was not observed. 

The patients with bronchogenic carcinoma 
had decrease in cough, sputum, hemoptysis and 
chest pain. Objective changes measured by 
serial roentgenograms was not striking. 

The toxic manifestations of triethylene mela- 
mine are qualitatively similar to nitrogen 
mustard but there are certain notable quantita- 
tive differences. Nausea occurred in twenty-two 
of the forty-four patients who received the drug 
and of these only thirteen had vomiting. This 
incidence and severity of gastrointestinal symp- 
toms are to be contrasted with those of intra- 
venous nitrogen mustard, which produces nausea 
and vomiting in virtually every patient. When 
gastrointestinal toxicity does occur after tri- 
ethylene melamine, it usually appears seven 
to ten hours after the drug has been given. 
Leukopenia of 2,000 or less was noted six times; 
thrombocytopenia of 50,000 or less occurred in 
five patients and purpura was present in three 
of these cases. Maximum depression of the 
formed elements of the blood was observed 
fourteen days after administration of triethylene 
melamine. There was one death in this series 
directly ascribable to triethylene melamine and 


this patient manifested pancytopenia with intra- 
cranial bleeding. 


COMMENTS 


It has been pointed out that triethylene mela- 
mine is effective against the same groups of 
neoplastic disease in which nitrogen mustard is 
active. In spite of the fundamental similarities 
in action there are, nevertheless, certain subtle 
differences which permit a reasonable choice to 
be made between the two drugs in individual 
patients. Thus in Hodgkin’s disease we have 
found that triethylene melamine is particularly 
useful in the management of the patient with 
disseminated disease who is not acutely ill due 
to severe constitutional symptoms. In this group 
of patients the drug may be given on an ambula- 
tory basis with the expectation of minimal 
immediate toxicity and the anticipation of a 
therapeutic effect in from seven to fourteen days. 
In the patient with Hodgkin’s disease with high 
temperature, severe malaise and weakness the 
onset of action of triethylene melamine is unduly 
delayed. These patients are more satisfactorily 
treated with intravenous nitrogen mustard 
which usually produces obvious improvement 
within forty-eight to seventy-two hours after 
completion of the course. In patients with 
giant follicular or lymphocytic cell lymphosar- 
coma triethylene melamine appears to us to 
be more effective than intravenous nitrogen 
mustard and the same holds true for chronic 
lymphocytic leukemia. These patients usually 
are not as desperately ill with systemic symptoms 
as some individuals with Hodgkin’s disease until 
their disease has entered the final phase; the con- 
ditions, therefore, are optimal for ambulatory 
treatment with triethylene melamine. As has 
been mentioned, the dosage of the drug required 
is usually significantly less than for Hodgkin’s 
disease or bronchogenic carcinoma. 

Although we have stressed the ease of ad- 
ministration and the relatively minor severity of 
nausea and vomiting, it must be recognized that 
triethylene melamine is an extremely toxic drug 
which can and does depress bone marrow func- 
tion. If the chemical compound is given with 
sodium bicarbonate as has been described in 
this report, the dosage of 10 mg. should not be 
exceeded unless there has been no significant 
depression of the formed elements of the blood 
during ten days after the administration of the 
drug. If the blood counts are stable or only 
minimally depressed at this time, an additional 
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5 mg. may be given safely and once again the 
toxic and therapeutic effects observed for a 
ten-day period. Following a course of tri- 
ethylene melamine in which there has been 
leukocyte depression, an interval of four to six 
weeks should elapse before additional chemo- 
therapy with this drug or nitrogen mustard, or 
before instituting radiotherapy which might 
necessarily include the major hematopoietic 
areas such as the ribs, sternum or thoracolumbar 
spine. 


SUMMARY AND CONCLUSIONS 


The use of triethylene melamine, a drug with 
nitrogen mustard-like action, in the therapeutic 
management of forty-four cases of disseminated 
malignant disease is summarized. Although 
triethylene melamine produces toxic and thera- 
peutic effects which are qualitatively similar to 
those of nitrogen mustard, it possesses the ad- 
vantage of being active after oral administration 
and of causing significantly less nausea and 
vomiting. These properties facilitate treatment 
of ambulatory patients. 

The rationale for administration of sodium 
bicarbonate simultaneously with triethylene 
melamine is presented, together with evidence 
which indicates that this regimen sharply de- 
creases the variability of effective dosage from 
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one case to another. Triethylene melamine has 
been employed to advantage in the treatment 
of patients with malignant lymphomas, chronic 
leukemias and bronchogenic carcinoma. The 
indications for using this drug or nitrogen mus- 
tard are discussed. 

The toxicity of triethylene melamine in regard 
to bone marrow function is stressed. One fatality 
due to overdosage of the chemical compound 
with resulting pancytopenia is reported. 

In appropriately selected cases and with full 
recognition of the potential toxic hazards tri- 
ethylene melamine may be employed as an 
additional useful cancer chemotherapeutic agent. 
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Alcaptonuria and Ochronosis" 


With a Report of Three Patients and Metabolic Studies in Two 


Morton GALDSTON, M.D., J. MURRAY STEELE, M.D. and KONRAD DopRINER, M.D. 
New York, New York 


LCAPTONURIA is a rare disorder of the 
metabolism of the amino acids, tyrosine 
and phenylalanine, characterized by 

the excretion of homogentisic acid in the urine. 
Approximately 200 cases have been described. 
It occurs most commonly in males and is be- 
lieved to be transmitted as a recessive trait at 
birth.! 

Boedeker? in 1858 was the first to recognize 
in urine a reducing substance with an affinity 
for oxygen in an alkaline medium which he 
called “‘alkapton.”” The term alcaptonuria was 
derived from this reaction. It was not until 1891 
that this substance was isolated from the urine 
of an alcaptonuric® and identified as homo- 
gentisic acid. (Fig. 1.) Homogentisic acid is the 
only abnormal substance which these individuals 
excrete in the urine and it imparts certain 
chemical properties to it. The color of the 
freshly voided urine is not unusual if it is acid in 
reaction; if alkaline, it appears as some variant 
of brown or even black. When a specimen stands 
exposed to air, it gradually darkens at its upper 
surface and in time becomes black throughout. 
Of interest, particularly when the appearance 
of the urine is normal, are the reactions with 
Benedict’s solution and ferric chloride. Homo- 
gentisic acid reduces Benedict’s solution giving 
rise to a yellow or orange precipitate and a 
brown or black supernatant fluid. Failure to 
differentiate this reaction from that due to 
glucose may suggest the erroneous diagnosis of 
diabetes mellitus. This reaction can be differ- 
entiated from that due to glucose by the failure 
of homogentisic acid to ferment yeast and to 
rotate a beam of polarized light. When ferric 
chloride is added dropwise to the urine, an 
evanescent blue color appears. When strong 
alkali is added and the specimen is shaken, it 


promptly turns dark. All of the above reactions 
are presumptive evidence of alcaptonuria. Isola- 
tion of homogentisic acid from the urine is the 
only certain method of establishing the diagnosis. 

Alcaptonuria is compatible with long life. 
Except for discoloration of the urine, there are 
no clinical manifestations until the second or 
third decade when ochronosis begins to appear. 
The term ochronosis was first used by Virchow‘ 
to describe the ochre-like color of pigment 
deposits in sections of tissues of a subject whom 
he examined postmortem. No clinical record of 
the patient was available. In its fully developed 
form, which may require many years, ochronosis 
is manifested by a patch of light brown or slate 
gray pigment in the sclerae on either side of the 
corneal limbus (Fig. 2) and by a bluish dis- 
coloration of the external ears. Those portions 
of the ear cartilages containing pigment do not 
transmit light and feel thick and inelastic. The 
nasal cartilages and superficial muscle tendons 
of the hands exhibit a bluish discoloration, and 
brown pigmentation is seen in the skin par- 
ticularly of the face, axillary folds, thenar and 
hypothenar eminences, and in the nails. The 
perspiration may be black or brown and the 
cerumen similarly deepened in color. 

On gross examination at postmortem the pig- 
ment appears black or blue-black. It is present 
in fibrous tissue, fibrocartilage, cartilage, tendon, 
epidermis, connective tissue, atheromatous and 
calcified areas, albuminous masses and concre- 
tions. On microscopic examination the pigment 
is yellow, granular or homogeneous. It may be 
deposited either inside or outside of cells. It may 
be so plentiful as to obscure the cell architecture, 
particularly in degenerate cells. 

Kleinschmidt® and Puhr‘ carried out thorough 
microchemical studies on ochronotic pigment. 


* From the Research Service, Third (New York University) Medical Division, Goldwater Memorial Hospital, the 
Department of Medicine, New York University College of Medicine, and the Memorial Hospital, New York, N. Y. 
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It has been demonstrated that it does not take 
iron or fat stains. It is not increased in intensity 
when stained with silver nitrate according to the 
method of Levaditi and: it is bleached when 
treated for twenty-four hours with hydrogen 
peroxide. It is slightly soluble in hydrochloric 
acid and quite soluble in alkali. By staining 
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4 impairment in ascorbic 
acid deficiency 


p-hydroxyphenylpyruvic 
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technics and chemical analyses the pigment has 
been shown to resemble melanin.*~* There is 
no known stain specific for ochronotic pigment. 

Shortly after ochronosis was recognized as a 
complication of alcaptonuria,*:! instances of its 
appearance following the long-continued ap- 
plication of phenol dressings to leg ulcers!!!” 


HC-NH, 
foley] 


p-hydroxyphenyliactic 
acid 


Fumarylacetoacetic 


acid 
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Fumaric 
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aci 


HOOC-CsC-COOH 


+ Acetoacetic 
acid 
HOH 
WC-C-¢-COOH 
H 


Fic. 1. Metabolic pathways of phenylalanine and tryosine indicating 
site of block in alcaptonuria, phenylpyruvic oligophrenia, tyrosinosis 
and ascorbic acid deficiency. Modified after Peters, J. P. and Van Slyke, 
D. D. Quantitative Clinical Chemistry. Interpretations, vol. 1, 2nd ed., 
p. 766. Baltimore, 1946. The steps in the oxidation of homogentisic acid 
conform with recent studies referred to in the body of this paper. 
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Fic. 2. Case mu. Illustrates the presence of a patch of 
light brown pigment in the scleras on either side of the 
corneal limbus. 


and in association with melanuria were re- 
ported.'*:!4 The intensity of pigmentation 
following prolonged application of phenol to 
ulcers has been observed to recede gradually 
after the use of phenol has been discontinued.!° 
In contrast, the pigmentation which accom- 
panies alcaptonuria and melanuria, by virtue 
of the permanence of the metabolic disturbances, 
is persistent and progressive. Although ochrono- 
sis may follow diverse causes, the findings on 
postmortem examination are alike’:!® and histo- 
chemical analyses of the pigment give similar 
reactions. 

In spite of the similarity in distribution and 
appearance of the ochronotic pigments their 
origin is distinct. Alcaptonuric pigment is a 
derivative of homogentisic acid whereas mel- 
anotic pigment is derived from 3,4-dihydroxy- 
phenylalanine (‘“‘dopa’’). Although homogentisic 
acid and “‘dopa’”’ are both derivatives of tyrosine 
oxidation, the formation of pigment from these 
compounds differs. The enzyme tyrosinase 
catalyzes the oxidation of ‘‘dopa’”’ to melanin, '® 
but whether the polymerization of homogentisic 
acid to the ochronotic pigment also requires 
enzymatic reactions is not known. However, 
there is no reason to believe that tyrosinase would 
be involved in this process. The pathway by 
which phenol is converted to ochronotic pig- 
ment is unknown. 

By the time alcaptonurics reach middle age 
they generally complain of pain and stiffness in 
the large joints due to a deforming arthritis. 
The spine becomes rigid, there is kyphosis in 
the dorsal region, lumbar lordosis is obliterated 
or accentuated and the gait is stooping. Motion 
in the hip, knee and shoulder joints may become 
limited and painful. The intensity of symptoms 


Fic. 3. Note the presence of thin, densely calcified, 
intervertebral cartilages. 


and physical disability varies in different in- 
dividuals. Of the three patients we have ob- 
served two were males in their late fifties 
exhibiting marked arthritis by roentgenogram, 
one was totally incapacitated, the other able to 
walk clumsily but without pain. The third 
patient, a ninety-four year old woman, first 
experienced joint symptoms and difficulty in 
getting aboyt when she was well on in her 
eighties. 

On roentgenographic examination the pres- 
ence of thin, densely calcified intervertebral 
discs is characteristic. (Fig. 3.) These become 
frayed, and in some instances are extruded or 
resorbed and adjoining vertebral bodies become 
fused. In addition, degenerative osteo-arthritic 
changes are apparent in the spine and lumbo- 
sacral, sacro-iliac, shoulder, hip and knee joints. 
Calcific deposits are commonly seen in muscle 
tendons about the large joints. It is interesting 
that the smaller joints exhibit little or no 
alteration. 

The relationship between pigmentation and 
joint changes is not clear since intense pigmenta- 
tion may be seen postmortem in the absence of 
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joint changes” and arthritis in the presence of 
only moderate pigmentation.’ 

The incidence of heart disease found post- 
mortem in individuals with ochronosis is rela- 
tively high.!*:!5.18 There is no specific pathologic 
finding other than the presence of pigment in 
areas of degeneration and in the chordae 
tendinae. Bauer’? and Kohlmann” have re- 
ported that stones in the urinary bladder, pros- 
tate gland and urethra demonstrated by roent- 
genograms and at necropsy are not uncommon 
in alcaptonurics. 

From a biochemical viewpoint, alcaptonuric 
patients have served as a valuable means of 
studying some aspects of the intermediary 
metabolic pathway of tyrosine and phenylal- 
anine oxidation. Many compounds which 
theoretically could be tyrosine oxidation inter- 
mediates have been fed to learn whether they 
augment homogentisic acid excretion. Failure 
of an increase to occur has been interpreted to 
mean that the compound is not an intermediate 
in tyrosine oxidation. However, it should be 
pointed out that with such feeding experiments 
it is possible to study only the steps in tyrosine 
oxidation preceding the formation of homo- 
gentisic acid. Misleading results would be ob- 
tained if a compound fed, while not a direct 
intermediate itself, were further metabolized to 
a compound which normally occurs in tyrosine 
oxidation, thus resulting in an increase in homo- 
gentisic acid excretion. A possible example of 
this is the observation that 2,5-dihydroxy- 
phenylalanine produces an increase in homo- 
gentisic acid excretion when fed to an alcap- 
tonuric.”! Rather than conclude that this amino 
acid is a direct intermediate of tyrosine oxidation, 
an alternate explanation could be, as Neuberger 
points out,”! that it is first converted to 2,5- 
dihydroxyphenylpyruvic acid which in turn is 
converted to homogentisic acid. 

Biochemical in vitro studies with animal tis- 
sues,?2-*5 some of which have involved the use 
of tyrosine and phenylalanine,”*—-** have sup- 
ported the concepts derived from these feeding 
experiments concerning the conversion of phenyl- 
alanine and tyrosine to homogentisic acid. In 
addition they have extended our knowledge 
concerning the steps involved in the further 
catabolism of homogentisic acid. 

The present concept of the metabolic pathway 
of phenylalanine and tyrosine is given in Figure 
1. Experiments using C!* and C!* labeled 
phenylalanine** and tyrosine?’:” with prepara- 
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tions of rat liver have shown that acetoacetic 
acid is split off as a 4 carbon unit, 2 carbon 
atoms from the ring and two from the side chain, 
the remaining 4 carbon atoms of the benzene 
ring yield fumaric acid, and the original carboxy] 
carbon of the amino acid is lost as CO, in an 
earlier step. In this way the fate of all of the 
carbon atoms of tyrosine and phenylalanine 
has been determined. 

The products, acetoacetic acid and fumaric 
acid, explain the observations that tyrosine is 
both a ketogenic and glycogenic amino acid. 
The latter effect is due to the further metabolism 
of fumaric acid to glucose. 

As shown in Figure 1, alcaptonuria is as- 
sumed to be a block in the pathway following 
the formation of homogentisic acid and repre- 
sents a failure to carry the metabolism through 
the next step. 

There has been disagreement in the past as 
to whether, in addition to this defect, homo- 
gentisic acid itself might not be an abnormal 
metabolic product, accumulating because of a 
block in oxidation of some closely related com- 
pound. From this point of view homogentisic 
acid is not on the main pathway of tyrosine 
oxidation. However, the consensus is that homo- 
gentisic acid occurs normally in the catabolism 
of tyrosine and phenylalanine and this view is 
well supported by experimental data. Homo- 
gentisic acid is, as first shown by Garnier and 
Voirin,?? completely metabolized by normal 
individuals except in very large doses*® or under 
certain poorly understood circumstances.*!~*® 
The work of Katsch and Hurthle*’—* in patients 
with depleted glycogen stores and the reported 
transitory cases of alcaptonuria emphasize this 
point.4°-49 Some homogentisic acid is excreted 
by normal adults after ingestion of very large 
amounts of tyrosine®® and by animals after large 
amounts of phenylalanine or of tyrosine.*:>!~*4 

The evidence of Dakin®*:*® and others®’ con- 
flicts with the view that homogentisic acid is a 
product of normal intermediate metabolism. 
They observed that certain substitute deriva- 
tives of phenylalanine and tyrosine whose 
structures preclude the formation of homogen- 
tisic acid are completely catabolized by both 
alcaptonurics and normal individuals. These 
observations led Dakin to conclude that “‘the 
inference certainly appears probable that al- 
captonuria represents.a condition in which the 
formation of homogentisic acid is abnormal as 
well as the failure to effect its catabolism when 
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formed.’®> However, it is possible that these 
analogues of phenylalanine and tyrosine were 
metabolized by a different metabolic pathway 
than the normal one followed by phenylalanine 
and tyrosine. Grutterink and Hymans van den 
Bergh** also believed that homogentisic acid is 
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Fic. 4. Comparison between the rate of excretion of 
homogentisic acid in Case 1 and Case 1 when the 
protein content of the diet was varied. The height of 
each bar indicates the average daily rate of homo- 
gentisic acid excretion for each period; the values 
beneath the top of each bar, the range of homogentisic 
acid excretion. 


not a product of normal intermediate metab- 
olism. They observed some individuals with 
severe diabetes mellitus and some with liver 
disease with limited capacity to metabolize 
homogentisic acid. When these individuals were 
fed tyrosine in an amount which should theo- 
retically have produced sufficient homogentisic 
acid to exceed their proven limited ability to 
metabolize it, they did not excrete any of the 
acid. This line of evidence assumes that in these 


diseases the ability to form homogentisic acid 
remains unimpaired. This assumption is un- 
likely since it has been demonstrated that in 
liver disease the oxidation of tyrosine®* and of 
p-hydroxyphenylpyruvic acid®® is impaired. 
Therefore, it is not certain that at any given 
time sufficient homogentisic acid would have 
been formed from the tyrosine to exceed the 
capacity to catabolize it. 

There have been several attempts to demon- 
strate a difference between the blood of normal 
and alcaptonuric individuals to explain the 
latter’s inability to metabolize compounds with 
hydroxyl groups attached to the 2-5 positions 
of the benzene ring. Homogentisic acid has such 
a configuration. (Fig. 1.) Gross arrived at the 
conclusion that an enzyme capable of breaking 
down homogentisic acid to acetone is present in 
normal human, dog and rabbit serum, and is 
absent in alcaptonurics.® It must be mentioned, 
however, that none of the obvious control reac- 
tions were carried out. Katsch and Stern®! in 
1926 ascribed the difference between the effect 
of normal and alcaptonuric sera on homogen- 
tisic acid to the presence of an oxidation-inhibit- 
ing substance in the latter serum, and believed 
they had demonstrated the formation in an acid 
medium of a colorless oxidation product of 
homogentisic acid which they named ‘‘oxy- 
alkapton.”” Lanyar and Lieb*® were unable to 
confirm the work of either Gross or Katsch and 
Stern and showed, furthermore, what is now well 
recognized, **—® that the oxidation of homogen- 
tisic acid occurs slowly when the medium is 
neutral and increases as it becomes more 
alkaline. There was no difference between 
normal and alcaptonuric sera. 

Wolkow and Bauman® in 1891 were the first 
to demonstrate that ingestion of tyrosine by an 
alcaptonuric is followed by an increase in homo- 
gentisic acid excretion. Shortly thereafter Falta 
and Langstein*’! demonstrated that phenylal- 
anine also caused an increase in homogentisic 
acid excretion. Langstein and Meyer established 
the usefulness of observing the H/N ratio: 


Homogentisic acid (gm.) excreted in 24 hours 


urine X 100 


Nitrogen (gm.) in 24 hour urine 


in metabolic studies in alcaptonuria.® The ratio 
is constant even though the amount of protein 
in the diet is varied, but changes when the 
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protein is rich or poor in tyrosine or phenyl- 
alanine. Falta showed that homogentisic acid 
excretion in alcaptonuria varies directly with 
the estimated amount of tyrosine and phenyl- 
alanine in the diet and suggested that the varia- 
tion in homogentisic acid excretion in some of 


METABOLIC STUDIES IN TWO CASES 


During 1939-1940 the opportunity to conduct 
metabolic studies in two middle aged alcap- 
tonuric male patients (Case 1, H. G. and Case n, 
F. D.) presented itself. These were carried out 
with the following purposes in mind: (1) to 
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Fic. 5. Summarizes the studies in Case 1 dealing with the metabolism of D- and L-phenylalanine. 
The daily urinary excretions of homogentisic acid, carboxyl carbon (alpha amino acid), and urea 
nitrogen were measured for several days before and after the amino acids were administered. 


the studies published up until then was due to 
lack of adequate control of protein intake. 
Neubauer emphasized that the rate of excretion 
of homogentisic acid depends upon the amount 
of protein catabolized rather than the amount 
ingested.®* Evidence in support of this view is 
the excretion of small amounts of homogentisic 
acid even during fasting*?:’°-7* and the increased 
rate of excretion during fever’*”® and following 
the ingestion of thyroid extract.*?:74 


1952 


relate the excretion of homogentisic acid to the 
quantity of protein consumed and to compare 
the rate of excretion in these subjects under 
comparable conditions; (2) to test the effective- 
ness of the D- and L- forms of phenylalanine in 
increasing homogentisic acid excretion, and 
(3) to attempt to decrease the rate of excretion 
of homogentisic acid with various substances. 
Diets of known constant carbohydrate, fat 
and protein content were served during each 
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phase of the studies. The patients ate only the 
food which was served and in nearly every 
instance consumed all of it. Whenever a change 
in the protein content of the diet was made, three 
to five days were allowed for metabolic read- 
justment before the control period of the next 


put was expressed in grams. The daily amino 
acid’’* and urea’® excretion in the urine was 
determined during certain periods of the studies. 

1. The Influence of the Protein Content of the Diet 
on the Rate of Excretion of Homogentisic Acid. Both 
patients were maintained on a diet containing 


CASE 2 Diet: Protein 30 grams; Carbohydrate 220 grams; Fat 80grams 


D-PHENYLALANINE 
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Fic. 6. Summarizes the studies on D— and L-phenylalanine in Case n. The 
daily urinary excretion of homogentisic acid and carboxyl carbon (alpha 
amino acid) were measured for several days before and after the amino acids 


were administered. 


phase of the study was begun. Urine was col- 
lected in a dark bottle during the twenty-four- 
hour period from 9 a.m. to 9 a.m. Twenty-five 
cc. of 1 N H2SQO, and a few drops of toluene 
were added to the bottle at the start of each 
day’s collection. During the studies with D- and 
L-phenylalanine each day’s urine volume was 
collected in two twelve-hour periods, from 
9 A.M. to 9 p.m. and from 9 p.m. to 9 a.m. Homo- 
gentisic acid in the urine was determined by the 
method of Lieb and Lanyer’® and the daily out- 


180 to 220 gm. of carbohydrate, 80 gm. of fat 
and, during periods of two to three weeks each, 
30, 65, 90 and 130 gm. of protein. Homogentisic 
acid excretion varied directly with the protein 
content of the diet to practically the same degree 
in both patients. (Fig. 4.) On the 130 gm. pro- 
tein diet Case 1 (F. D.) failed to eat all the food 
served and excreted less homogentisic acid than 
Case 1 (H. G.) during this period. 


* We are grateful to Dr. Donald D. Van Slyke for mak- 
ing available to us this method prior to its publication. 
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2. Comparison of the Metabolism of D- and L- 
Phenylalanine. This study was carried out while 
the patients were on a diet containing 30 gm. 
protein, 220 gm. carbohydrate and 80 gm. fat. 
Four 1 gm. doses of D- or L-phenylalanine dis- 
solved in 50 cc. of physiologic saline solution 
were given intravenously at four-hour intervals. 
Both patients excreted 92 per cent (3.7 gm.) of 
L-phenylalanine as homogentisic acid and Case 
1 (H. G.) excreted 2.5 per cent (0.1 gm.) and 
Case u (F. D.) 20 per cent (0.8 gm.) as an amino 
acid which was not identified. (Figs. 5 and 6). 
When D-phenylalanine was administered, Case 
1 (H. G.) converted 40 per cent (1.6 gm.) and 
Case 1 (F. D.) 20 per cent (0.8 gm.) to homo- 
gentisic acid; 35 per cent (1.4 gm.) and 45 per 
cent (1.8 gm.) could be accounted for as amino 
acid in Case 1 (H. G.) and 1 (F. D.), respec- 
tively (Figs. 5 and 6). In another experiment 
when Case 11 (F. D.) received intravenously over 
a period of six hours 7.2 gm. of D-phenylalanine 
diluted to 2 per cent in physiologic saline solu- 
tion, he converted 25 per cent (1.8 gm.) to 
homogentisic acid and 21 per cent (1.5 gm.) 
was excreted in the urine as amino acid. (Fig. 6.) 
The proportion converted to homogentisic acid 
was virtually the same as when he received 4 gm. 
of D-phenylalanine. In both patients L-pheny]l- 
alanine was converted not only to a greater 
degree to homogentisic acid than D-phenylal- 
anine (Table 1) but also more rapidly. Nearly all 
of the L-phenylalanine could be accounted for 
as homogentisic acid within four hours of the 
last injection whereas the conversion of D- 
phenylalanine to homogentisic acid required 
up to twenty-four hours. 

3. Study of the Effect of Various Substances on the 
Rate of Excretion of Homogentisic Acid. Various 
substances which might conceivably participate 
in enzyme systems were administered in large 
doses to learn whether they reduced the rate of 
excretion of homogentisic acid while the patients 
were on a diet of constant composition. These 
included all the vitamins which were available 
to 1939-1940, brewers’ yeast, crude and purified 
liver extracts, insulin, adrenal cortical extract 
and tyrosinase. All of the studies were carried 
out in patient H. G. (Case 1) except those with 
vitamin K,; and sodium glycocholate, in which 
patient F. D. (Case 11) was also included. Only 
after brewers’ yeast was a change in excretion 
of homogentisic acid noted, and this was an 
increase due, no doubt, to the high protein 
content of the yeast. 
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Water Soluble Vitamins. CComporents of vita- 
min B complex and brewers’ yeast were ad- 
ministered as indicated in Figure 7 and vitamin 
C as indicated in Figure 8. 

. Fat Soluble Vitamins. (Diet: 90 gm. protein, 
220 gm. carbohydrate and 80 gm. fat.) Vitamin 


TABLE | 
COMPARISON BETWEEN THE METABOLISM OF L-PHENYLALANINE 


AND D-PHENYLALANINE IN CASES | AND Il (H.G. AND F.D.) 


(1) L-phenylalanine Injected (gm.) 


(2) L-phenylalanine excreted as 
homogentisic acid (gm.) 


(3) L-phenylalanine excreted as 
amino acid (gm .) 


L-phenylalanine accounted 
for In urine (gm.) (243) 


L-phenylalanine accounted 
fér (%) 


L-phenylalanine excreted as 
homogentisic acid (%) 


D-phenylalanine 


(1) D-phenylalanine Injected (gm.) 4.0 4.0 


(2) D-phenylalanine excreted as 
homogentisic acid (gm.) 1.6 0.8 


(3) D-phenylalanine excreted as 
amino acid (gm.) 1.4 1.8 


D-phenylalanine accounted 
for in urine (gm.) (243) 


D-phenylalanine accounted 
for (%) 


D-phenylalanine excreted as 
homogentisic acid (%) 


D in the form of viosterol was fed in divided 
doses for three days, starting with 10,000 U.S.P. _ 
units and ending with 28,000 units. Vitamins D 
and A (11,000 to 22,000 U.S.P. units of vitamin 
D and 62,000 to 160,000 U.S.P. units of vitamin 
A) were fed in the form of oleum percomorphum 
for two days. Both patients received 50 mg. 
vitamin K, and 1.2 gm. sodium glycocholate 
for four days and 10 mg. vitamin K;, intra- 
muscularly and 1.2 gm. sodium glycocholate 
orally for six days. 

Insulin and Adrenal Cortical Extract. (Diet: 
65 gm. protein, 220 gm. carbohydrate and 80 
gm. fat.) The initial insulin dose was 13 units 
(5-3-5 one-half hour before each meal) and it 
was gradually increased to 25 units a day 


H.G F.D. F.D. 
4.0 4.0 
F Po 3.0 2.6 3.3 
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(10-5-10) over a period of twelve days; 10 to 
20 cc. of adrenal cortical extract (Upjohn) were 
injected intramuscularly daily for five days. 
Liver Extracts. (Diet: 90 gm. protein, 220 gm. 
carbohydrate and 80 gm. fat.) The following 
Mgm 
1200 
THIAMINE+ 
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Tyrosinase. ‘Two subcutaneous injections of 
1,500 units (1.2 cc.) of tyrosinase were given on 
alternate days to patient H. G. (Case 1) while 
on a diet of 90 gm. protein, 220 gm. carbo- 
hydrate and 80 gm. fat. Each injection was fol- 


DIET: 65 Grams Protein; 22O Grams Carbohydrate; 80 Grams Fot 


BREWERS’ 
YEAST 


100 Gms 
Daily 


PANTOTHENIC ACID. 
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Fic. 7. The vitamins were administered as follows: nicotinic acid, five 100 mg. doses by mouth daily except from the 
twentieth through the twenty-third day when five 100 mg. doses were also given intravenously and from the seventeenth 
through the nineteenth day when five 200 mg. doses were given orally; thiamine chloride, five 20 mg. doses orally 
from the twentieth through the fifty-seventh day except from the twentieth through the twenty-third day when four 
25 mg. doses were also administered intravenously; pyridoxine, two 25 mg. doses subcutaneously from the thirtieth 
through the thirty-seventh day, intravenously from the thirty-eighth through the forty-third day, orally from the 
forty-fourth through the fiftieth day; riboflavin, four 25 mg. doses intramuscularly from the forty-first through the 
forty-third day, orally from the forty-fourth through the fiftieth day, intravenously from the fifty-first through the 
fifty-seventh day; D-calcium pantothenate, two equally divided doses orally and intravenously from the fifty-eighth 
through the sixty-second day; brewers’ yeast, five 20 gm. oral doses from the sixty-third through the seventy-third 


day. e 


liver preparations were injected intramuscu- 
larly: Campolon 10 cc. (30 units) for two days; 
concentrated liver extract 2 cc. (30 units) for 
four days, and 4 cc. (60 units) for five days; and 
a crude liver extract (Rockefeller Institute) 
10 cc. a day for four days. 


lowed by an elevation of temperature within 
eight hours. The fever reached a maximum of 
102.8°c. and gradually subsided within twelve 
hours. The rate of excretion of homogentisic 
acid did not increase during the febrile periods 
nor did it decrease significantly during the 


AMERICAN JOURNAL OF MEDICINE 


900 
lO days 20 25 30 35 40 45 50 55 60 
28-67 
4 
3.0-5.0 
3. 33-40 3.1-40 32-43 29-44 | 3341 | 3440/ 
Control 
Period 
35 


Alcaptonuria and Ochronosis—Galdston et al. 


afebrile periods between injections nor during 
several days following the last injection. 

Fifteen minutes following the subcutaneous 
injection of 3,000 units (2.4 cc.) of tyrosinase in 
50 cc. of physiologic saline a severe febrile reac- 
tion occurred. The temperature reached a 


130 GRAM PROTEIN DIET 


Control Period 


Ss 


Homogentisic Acid-Gms excreted per 24 hrs. 


0 
Days | 3 


PLUS VITAMIN C Grams administered daily 
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captonurics indicated that the conversion of 
these amino acids to homogentisic acid is usually 
greater when they are administered in divided 
doses and the naturally occurring levo-rotatory 
amino acids usually yield more than the racemic 
mixture. (Tables 1 and m1.) In the single ex- 


lo 10 10 20 20 40 40 


Fic. 8. Vitamin C was administered as follows: eighth through the eleventh day, 1 gm. dose orally; twelfth and 
thirteenth days, four 0.5 gm. doses orally; fourteenth, fifteenth and sixteenth days, four 1 gm. doses, two orally and 
two intravenously. In the morning of the sixteenth day a single 10 gm. dose of L-tyrosine was also given by mouth. 


maximum of 105.6°c. within forty minutes and 
gradually subsided during the next ten hours. 
The patient was incontinent of urine during the 
early part of this febrile period. During the 
following few days he remained afebrile and 
the rate of excretion of homogentisic acid 
remained unaltered. 

The arterial pressure fell during the period of 
injection of tyrosinase from its usual level of 
180/120 to as low as 108/72, and returned four 
days following the last injection. At each site 
of injection of tyrosinase a swollen, tender, in- 
durated area with dusky blue discoloration of 
the skin persisted for many days. The regional 
lymph nodes were not enlarged. 


COMMENTS 


It is apparent that the daily excretion of 
homogentisic acid varied with the protein con- 
tent of the diet and that the metabolic disturb- 
ance was of the same intensity in both patients. 
(Fig. 4.) This is not unexpected since they were 
both of approximately the same age, height and 
weight. 

The previous experiments on the effect of 
ingestion of tyrosine and phenylalanine on the 
rate of excretion of homogentisic acid by al- 
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periment in which 1.5 gm. of L-phenylalanine 
(natural form) and 1 gm. of D-phenylalanine 
(unnatural form) were fed to a patient, much 
more of the natural form was converted to 
homogentisic acid (Table m1, Abderhalden’”’). 
However, the small amount of D-phenylalanine 
and the apparent difficulty in maintaining the 
patient on a controlled diet make the results 
uncertain. Different observers have reported a 
considerable difference between the effect of 
feeding racemic mixtures and natural isomers 
of both amino acids on the rate of excretion of 
homogentisic acid. (Tables u and 11.) This may 
depend upon individual difference in rate of 
absorption of the amino acids, their incomplete 
absorption or partial destruction by the in- 
testinal flora. In our studies these difficulties 
were excluded and a more exact comparison 
of conversion of these isomers to homogentisic 
acid was made possible by intravenous ad- 
ministration of L- and D-phenylalanine in 
divided doses. Both patients converted nearly 
all of the L-phenylalanine and less than 50 per 
cent of D-phenylalanine to homogentisic acid. 
(Table 1.) The recent observation that 85 to 
94 per cent of L-phenylalanine administered 
intravenously to a young alcaptonuric was con- 
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verted to homogentisic acid agrees with our 
results. *! 

Lanyar noted complete conversion into homo- 
gentisic acid of moderate amounts of L-phenylal- 
anine and L-tyrosine administered orally in 
divided doses to an alcaptonuric whereas only 


TABLE Il 


EXPERIMENTS ON TYROSINE IN PATIENTS WITH ALCAPTONURIA 


Excreted as 
Homogentisic 
Acid (%) 


Patient 
Author No. 


Type of 
Tyrosine Grams 


Kraske & Boumann !08 Racemic 
Racemic 
Racemic 
Racemic 


Wolkow & Boumann® 


Racemic 


Mittelbach”° Racemic 


67 Racemic 


Racemic 


Langsteln & Meyer 


Racemic 


Schumm! 


Grutterink et al 3 Racemic 


Racemic 
Soderbergh®> Racemic 
Gibson & Howard Racemic 
Racemic 


Racemic 


Abderhalden et al Levo-rotatory 


Levo-rotatory 
Neubover!!! Levo-rotatory 
Fromherz! Levo-rotatory 
Blum 109 Levo-rotatory 


Soderbergh®5 Levo-rotatory 


Levo-rotatory 
Katsch7 Levo-rotatory 
Sealock et al .75 
Lanyor®? 


White et al .84 17 Levo-rotatory 8.0 
*Indicates single dose; otherwise fed in divided doses. 


Levo-rotatory 


Levo-rotatory 4.0 


40 to 45 per cent of D-tyrosine and 68 per cent 
of D,L-tyrosine (racemic form) fed similarly 
were accounted for as homogentisic acid.*° It 
has become evident that the difference between 
the rate of conversion of the L forms and racemic 
mixtures of these amino acids to homogentisic 
acid is due to the incomplete conversion of the 
D-components. 

The difference in the rate of conversion of D- 
phenylalanine in Case 1 (H. G.) and Case 
(F. D.) may possibly be due to an inherent 
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difference in metabolic capacity for D-phenylal- 
anine similar to that reported in normals.*! 
Attempts to reduce the rate of excretion of 
homogentisic acid by alcaptonurics have varied 
with the views taken as to its cause. Since the 
early failure with intestinal disinfectants and 


TABLE Ill 


EXPERIMENTS ON PHENYLALANINE 
IN PATIENTS WITH ALCAPTONURIA 


Excreted as 


Homogentlsic 
Acid (%) 


Type of 
Phenylalanine Grams 


Patient 
Author No. 


Falta & Langstein3! Racemic 


Falta®® Racemic 


Abderhalden et al 79 Racemic 


Racemic 
Racemic 


Racemic 


Racemic 


Falta & Langstein®! 
Abderhalden et al 


Papageorge et al 3 


SS 
ooooo 


Steele et al 14 


Lonyar® 


on oo 


BS 


Abderhalden et al Rid 


Steele et al 


oo 


Lanyor8® 


Dextro-rotatory 


tse 


teuberger et al 21 12 Dextro-rotatory 


‘Indicates a single dose; otherwise fed in divided doses. 
Administered intravenously In divided doses. 
tAdmintstered intravenously In single doses. 


cathartics, substances designed to in- 
hibit its formation*®®** and to oxidize it*?:74,87—% 
have been administered without success. It 
seems logical to infer that a defect in some en- 
zyme system essential for the breakdown of 
homogentisic acid is transmitted because a 
definite hereditary incidence has been estab- 
lished in alcaptonuria.°*? 

Although vitamins are known to be com- 
ponents of co-factors required for many enzyme 
reactions, giving vitamins or vitamin-rich sub- 
stances did not alter the excretion of homo- 
gentisic acid in our patients. There was no 
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clinical evidence that a vitamin deficiency was 
present. 

While no co-factor needed for the enzyme 
system oxidizing homogentisic acid has been 
isolated, recent work suggests that one exists.%4 
The alcaptonuric might lack the ability to 
synthesize the needed co-factor or might be 
unable to synthesize the enzyme itself. 

Of the vitamins only ascorbic acid had been 
tested previously and reports concerning its 
efficacy had conflicted. Monsonyi®! reported 
that intravenous injections of vitamin C decrease 
the excretion of homogentisic acid whereas Diaz 
and his co-workers reported that ingested 
vitamin C is without effect.°? The latter group 
did not try the effect of intravenous administra- 
tion of vitamin C. In our studies vitamin C in 
large doses by mouth and by vein did not alter 
the rate of homogentisic acid excretion.*® A 
possible relation between homogentisic acid and 
vitamin C was excluded when a single dose of 
10 gm. of L-tyrosine was given by mouth in 
the morning and 4 one-gram doses of vitamin C 
were administered, two orally and two intra- 
venously during the day without altering the 
expected rate of conversion of L-tyrosine to 
homogentisic acid; 88 per cent of the tyrosine 
was recovered as homogentisic acid in the urine. 
(Fig. 8.) The recent studies by Neuberger and 
his co-workers”! confirm the ineffectiveness of 
ascorbic acid in altering homogentisic acid 
excretion and indicate, as our studies do, that 
its value lies only in its ability to prevent the 
urine from turning dark readily since it is a 
stronger reducing agent than homogentisic acid. 

The absence of effect of vitamin C in inherited 
alcaptonuria is particularly interesting since it is 
effective in alcaptonuria induced experimentally 
in guinea pigs on a diet deficient in ascorbic acid 
and rich in phenylalanine and tyrosine.®* In 
addition to homogentisic acid the guinea pigs 
excrete p-hydroxyphenylpyruvic acid and p- 
hydroxyphenyllactic acids in the urine. (Fig. 1.) 
Premature and full term infants may also ex- 
hibit a disturbance in metabolism of tyrosine 
and phenylalanine which is prevented by 
ascorbic acid*” or ACTH.*® When fed a diet 
rich in protein or large amounts of pheny!l- 
alanine or tyrosine, their urine contains p- 
hydroxyphenylpyruvic and _ p-hydroxyphenyl- 
lactic acids but no homogentisic acid. The fact 
that ascorbic acid prevents these induced 
metabolic derangements and not the inherited 
type of alcaptonuria indicates that there is a 
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basic difference between them. (Fig. 1.) It sug- 
gests that the induced disorders result from 
overloading of an enzyme system for which 
ascorbic acid is essential. Recent experiments 
using animal tissue preparations have demon- 
strated the importance of ascorbic acid in 
tyrosine oxidation.*?:!° Effective therapy has 
not been devised for the other known disturb- 
ances of phenylalanine and tyrosine metabolism: 
phenylpyruvic oligophrenia and _tyrosinosis. 
Phenylpyruvic oligophrenia, which involves 
only phenylalanine, occurs in certain mentally 
deficient individuals who excrete phenylpyruvic 
and phenylacetic acids and phenylalanine. '°!:!°? 
(Fig. 1.) Tyrosinosis, of which but one instance 
has been reported, is believed to be due to 
inability to oxidize p-hydroxyphenylpyruvic 
acid, a derivative of tyrosine.'°* It is character- 
ized by excretion in the urine of tyrosine and 
p-hydroxyphenylpyruvic acid. 

There are conflicting reports concerning the 
therapeutic value of liver extract in the inherited 
form of alcaptonuria. In 1936 Klein and Bloch 
reported a sharp fall in urinary homogentisic 
acid to as little as one-eighth to one-tenth of its 
usual level within four to six hours following 
intramuscular injection or ingestion of liver.** 
They expressed homogentisic acid excretion in 
milligrams per cent but the daily volume of 
urine was not reported. Others have failed to 
confirm their results.5¢%*:95.101 We did not ob- 
serve any effect from large intramuscular in- 
jections of crude and purified liver extracts. 

Our studies on the effect of insulin and adrenal 
cortical extract on the rate of excretion of homo- 
gentisic acid were stimulated by the suggestion 
that the metabolism of carbohydrate is related 
to that of homogentisic acid. Mittelbach” in 
1901 noted a moderate fall in the rate of excre- 
tion of homogentisic acid with starvation in an 
alcaptonuric individual. Two years later Falta 
and Langstein*! reported that a severely diabetic 
patient excreted in the urine nearly half of 4 gm. 
of homogentisic acid fed while normal indi- 
viduals excreted none. Clinical studies carried 
out approximately twenty to thirty years later 
in alcaptonuric individuals, se. 
verely ill diabetic patients and in patients 
suffering from marked cachexia of many eti- 
ologies*?-** were believed to demonstrate that 
carbohydrate is essential both for the formation 
of homogentisic acid from tyrosine and for its 
ultimate catabolism. In view of the present day 
knowledge that multiple nutritional deficiencies 
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occur in such clinical states, it is questionable 
whether these studies have clearly established 
definite metabolic interrelationships. 

Although clinical studies on alcaptonuric 
individuals have contributed much to our 
knowledge of the intermediate pathway of 
tyrosine catabolism, it does not seem likely that 
such studies alone will furnish the details of the 
still unknown steps. It appears that future 
progress in this phase of the problem will require 
the use of simpler zn vitro systems, such as liver 
homogenate or liver acetone powder prepara- 
tions. Recently, Ravdin and Crandall’ isolated 
two fractions of a rat liver homogenate prepara- 
tion, one which catalyzes the oxidation of homo- 
gentisic acid to fumarylacetoacetic acid, and 
another which hydrolyzes fumarylacetoacetic 
acid to fumaric acid and acetoacetic acid. 
(Fig. 1.) If homogentisic acid is a normal inter- 
mediary compound, the enzyme systems in- 
volved in its further oxidation may now be care- 
fully studied. Further studies with this system 
should show what components are needed for 
the further oxidation of homogentisic acid, and 
it should then be possible to find more speci- 
fically where the metabolic deficiency exists in 
alcaptonuria. 


CASE REPORTS 


Case 1. H. G., a sixty-five year old white 
male, was hospitalized on July 14, 1939, because 
of a painful right hip resulting from fractures in 
1929 and 1939. While he was suffering from 
bronchopneumonia in October, 1939, the 
medical consultant noted that he voided black 
urine, that a patch of light brown pigment was 
deposited in the temporal side of the sclera of 
each eye and that there was a dusky blue dis- 
coloration of the aural cartilages. The patient 
did not recall having voided black urine previ- 
ously but a note from another hospital where 
he was under observation in October, 1938, 
stated that “‘although the urine was jet-black it 
was negative for bile and blood.” In 1934 he 
was treated for diabetes mellitus with dietary 
regulation by a private physician. He was known 
to have arterial hypertension since 1931. 
Iridectomy and cataract extractions from both 
eyes were performed in 1932 and 1933, re- 
spectively, and discission of secondary cataracts 
in February, 1936. 

He had no knowledge of the excretion of dark 
urine by any member of his family or of dis- 


Alcaptonuria and Ochronosis—Galdston et al. 


coloration of their eyes and ears. He was not 
born of a consanguineous marriage. Twice 
married, he had no children. 

He was fairly well developed, well nourished 
and did not appear ill. There was an old de- 
pressed fracture of the frontal bone. Both eyes 
showed evidence of iridectomy and cataract 
extractions. There was a small patch of light 
brown pigment measuring about 3 mm. in 
diameter in the outer half of the sclera of each 
eye. The retinal arteries exhibited moderate 
arteriosclerotic changes. The external ears were 
slate gray in color and the aural cartilages felt 
thick and inelastic and were opaque on transil- 
lumination. The chest was emphysematous. 
The heart was moderately enlarged to the left, 
the rhythm regular and the sounds of good 
quality. There was a rough systolic murmur over 
the precordium, loudest at the base. The level 
of arterial pressure varied between 146/100 and 
218/120. The liver and spleen were not enlarged. 
There was a complete reducible left inguinal 
hernia. There was marked sclerosis and tortu- 
osity of the arteries of the extremities. The right 
lower extremity was 2 inches shorter than the 
left due to an old fracture of the lower one-third 
of the femur. Motion in the right hip joint was 
markedly limited in all directions but satis- 
factory in the left hip joint. There was crepita- 
tion in the knee joints on motion. The spine 
exhibited moderate kyphosis and scoliosis to the 
right and marked limitation of motion in the 
lumbosacral region. No other abnormalities 
were noted. 

On x-ray examination the heart was moder- 
ately enlarged in all diameters. The aorta was 
diffusely enlarged and a calcareous plaque was 
present in the transverse portion of the aortic 
arch. The lungs were clear. 

The long bones of the legs were decalcified, 
their joint spaces narrowed and there was cystic 
degeneration and productive osteoarthritic 
changes in the contiguous articulating surfaces. 
There was complete absorption of the head of 
the right femur, a healed fracture in the lower 
one-third of its shaft, and its neck formed an 
articulation with the acetabular shelf. ‘There was 
intense decalcification of the vertebral bodies 
and osteo-arthritic spurs. The intervertebral 
discs were markedly narrowed and the remnants 
densely calcified. There was an extensive old 
depressed fracture of the frontal bone and calcific 
deposits in the choroid plexus and in the carotid 
arteries in the region of the sella turcica. Intra- 
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venous pyelograms were normal. There were 
several radiopaque prostatic calculi. 

The urine exhibited all of the physical 
properties and qualitative chemical reactions 
due to the presence of homogentisic acid 
described in the introductory section. In addi- 
tion homogentisic acid was isolated from it. The 
urine exhibited no other abnormalities except 
for an occasional trace of albumin. There was no 
impairment of the ability of the kidneys to con- 
centrate urine or toexcrete phenolsulphonthalein. 

There were 4.5 to 5 million red blood cells per 
cu. mm. of blood and 13 to 14 gm. hemoglobin 
per 100 cc. of blood. The white blood cells 
numbered 6,000 to 8,000 per cu. mm. of blood 
and the differential count was normal. The 
Wassermann and Kahn reactions of the blood 
were negative. At the end of thirty minutes there 
was no retention in the serum of bromsulphalein 
injected intravenously (5 mg./Kg.). The glucose 
tolerance test was normal. The level of serum 
calcium was 11 to 12 mg. per cent, phosphorus 
2.4 to 3.3 mg. per cent, alkaline phosphatase 
2.6 to 4.4 Bodansky units; urea nitrogen 15 mg. 
per cent; albumin 5.3 gm. per cent and globulin 
1.6 gm. per cent. Free hydrochloric acid was 
present in the gastric contents only after the 
injection of histamine. The electrocardiographic 
axis was deviated to the left and there was an 
occasional ventricular premature contraction. 

He enjoyed relatively good health throughout 
the period of observation. In June, 1941, he was 
transferred to the New York City Farm Colony 
on Staten Island for custodial care. He remained 
well until March 2, 1946, when he developed 
right hemiparesis and partial aphasia. He 
gradually lost ground, became bedridden and 
was transferred to Bellevue Hospital on August 
14, 1947, for treatment of gangrene of both 
heels. The patient was considered too ill for 
surgery. He failed to respond to conservative 
treatment and died on August 23, 1947. 

At postmortem examination* purplish black 
pigmentation of the superficial tendons of the 
forearm could be seen through the skin. The 
costal cartilages, cartilages of the sternoclavicu- 
lar joints, laryngeal, thyroid, tracheal and 
bronchial cartilages were black. The inter- 
vertebral discs were thin, frayed and densely 
black. 

The heart weighed 350 gm. The base of the 


* We are indebted to the Pathology Department of the 
Cornell Surgical Division, Bellevue Hospital for the 
postmortem report. 
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aortic valve was rigid and calcified. There were 
calcified nodules in the sinuses of Valsalva. The 
mitral valve ring was densely calcified and the 
base of the posterior cusp of the mitral valve was 
also calcified. All of these calcified areas ap- 
peared black. In addition, the chordae tendinae 
were black. The tricuspid and pulmonary artery 
valves were thin and delicate. The coronary 
ostia were patent and the coronary arteries were 
markedly sclerotic and tortuous. Their intima 
were calcified but not pigmented black. The 
aorta contained many atherosclerotic and calci- 
fied plaques, many of which appeared mottled 
black. Except for black pigmentation of the 
bronchial cartilages, the lungs appeared normal. 
Many black punctate spots were present over 
the cut surface of the kidney. The prostate was 
diffusely enlarged and contained black, gritty 
concretions. The meninges were of a mottled 
gray-black color. There was marked sclerosis of 
the cerebral arteries and an aneurysmal dilata- 
tion at the junction of the basilar and vertebral 
arteries. There was an extensive anemic infarct 
of the basal ganglia on the left. 

Case 11. F. D., a 60 year old single white 
cigar maker of French descent, was transferred 
from the Columbia University Medical Service, 
Bellevue Hospital, on June 12, 1940, with the 
diagnosis of alcaptonuria, ochronosis and al- 
captonuric arthritis. He complained of progres- 
sive stiffness and pain in the shoulders, hips and 
knees of many years’ duration. Since 1937 he 
had experienced anorexia, constipation and 
intermittent epigastric pain not related to meals 
but associated with gaseous eructations. These 
symptoms did not increase in severity or fre- 
quency. He had lost 10 pounds in weight during 
the year prior to admission. He had not noticed 
that his urine turned black but was aware of a 
bluish discoloration of his ears since the age of 
twenty-five. None of the members of his im- 
mediate family had ever to his knowledge passed 
dark urine or had discoloration of their eyes, 
ears or skin. He was not born of a consanguine- 
ous marriage. 

The patient was fairly well developed and 
nourished. He walked about slowly and pain- 
fully with the aid of canes. There was a brown 
patch of pigment, about 2 mm. in diameter, in 
the outer and inner third of the sclera of each 
eye. The right pupil was round, regular and 
reacted sluggishly to light and accommodation. 
There was total loss of vision in the left eye, the 
result of an old injury. The left pupil was irregu- 
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lar, fixed to light and accommodation. There 
were several opacities in the vitreous humor of 
the left eye and there was atrophy of the optic 
nerve. The right fundus appeared normal except 
for tortuous and irregular arteries which gave 
an increased light reflex. The aural cartilages 
were thick and inelastic and irregularly opaque 
to transillumination. The overlying skin was 
slate-gray in color. Light brown macular patches 
of pigment measuring 1 to 2 cm. were dis- 
tributed over the body. The skin of the axillary 
folds was light blue. There were no abnormal 
pigment deposits in the mucous membranes or 
cartilaginous portion of the nasal septum. The 
mouth, pharynx and neck were normal. The 
lungs were clear. The heart was not enlarged, 
the rhythm was regular and there was a harsh 
systolic murmur over the base. The arterial 
pressure ranged between 120/80 and 100/70. 
The liver and spleen were not enlarged. The 
prostate was firm and moderately enlarged. 
The genitalia were grossly normal. The muscles 
of the extremities were atrophic and the arteries 
sclerotic. The nails of the fingers and toes and 
tendons of the superficial muscles were not 
pigmented. Neurologic examination revealed no 
abnormality. The spine was straight and fixed 
except for a limited ability to flex and extend 
the neck. All movements in the shoulder, hip 
and knee joints were limited. 

On x-ray examination the lung fields ap- 
peared normal. The teleroentgen shadow of the 
heart was not enlarged. There were large cal- 
careous plaques in the aortic arch and in the 
abdominal aorta. There were healed fractures 
in the posterior axillary portions of the sixth. 
seventh and eighth ribs on the right side. There 
were Calcific deposits in the choroid plexus, falx 
cerebri and the intracranial portion of the 
carotid arteries. 

The joint spaces of the shoulders and the left 
hip were narrowed, the articulating cartilages 
were eroded and the contiguous articulating 
surfaces of the bones were sclerosed. There were 
osteo-arthritic spurs in the knee joints and the 
joint cartilages were thin and calcified. The 
intervertebral discs were thin and calcified, the 
intervertebral spaces markedly narrowed and 
the contiguous vertebral bodies eburnated. 
There were osteo-arthritic changes throughout 
the spine. The sacro-iliac joint spaces were 
narrowed. Numerous calcific deposits were 
present in the soft tissues of the arms and legs. 

A gastrointestinal series revealed no ab- 


normalities. Electrocardiographic changes were 
consistent with an old infarction of the anterior 
wall. 

The urine exhibited all of the physical and 
chemical properties due to the presence of homo- 
gentisic acid. Tests of the urine for albumin, bile 
pigments, blood, acetone and diacetic acid were 
negative; amounts of urobilin and urobilinogen 
were not increased; urinary sediment was 
normal. 

There were 4.5 million red blood cells and 
8,700 white blood corpuscles per cu. mm. of 
blood and 13.9 gm. of hemoglobin per 100 cc. 
of blood. The differential white blood count was 
normal. The fasting level of sugar in the blood 
was 74 mg. per cent; urea nitrogen 12.6 mg. per 
cent; non-protein nitrogen 26.6 mg. per cent; 
uric acid 2.5 mg. per cent; creatinine 2.2 mg. 
per cent; total cholesterol 284 mg. per cent; 
cholesterol esters 200 mg. per cent; calcium 
11.4 mg. per cent; phosphorus 3.7 mg. per cent; 
alkaline phosphatase 3 Bodansky units; total 
protein 6.6 gm. per cent; albumin 4.0 gm. per 
cent and globulin 1.6 gm. per cent. The blood 
Wassermann and Kahn reactions were negative. 
No significant variations appeared in the 
laboratory data throughout the patient’s hospital 
stay. 

Motion in the knee and hip joints gradually 
decreased so that by April, 1941, the patient was 
unable to walk. From then until September, 
1942, he was relatively well except for short 
periods of epigastric distress which were relieved 
by sodium bicarbonate. 

On September 11, 1942, the patient experi- 
enced generalized abdominal cramps and diar- 
rhea, and vomited small amounts of bright red 
blood. The heart sounds and radial pulses be- 
came feeble. The systolic level of arterial pressure 
fell to 90 mm. Hg and the diastolic level could 
not be elicited. An electrocardiogram taken the 
following day suggested recent infarction of the 
posterior wall of the heart. Subsequent serial 
electrocardiograms indicated rapid healing of 
this infarction. The arterial pressure gradually 
rose to 105/90 mm. Hg. A gastrointestinal series 
performed on November 13, 1941, revealed no 
abnormalities. 

On November 25, 1942, the patient exhibited 
a moderate degree of congestive heart failure. 
Serial electrocardiograms revealed progressive 
decrease in voltage and premature ventricular 
beats from multiple foci. The patient died sud- 
denly on December 7, 1942. 
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At necropsy, which was performed five days 
after death, it was observed that in addition to 
the areas of pigmentation noted during life, 
black pigment deposits were present in the 
tracheal, laryngeal, costal, sternoclavicular and 
intervertebral cartilages; endocardium, heart 
valves and valve commissures, chordae tendinae 
at their points of attachment; atheromatous and 
calcified areas in the aorta and in concretions 
in the prostate gland. 

The heart was hypertrophied and weighed 
400 gm. On section, the myocardium showed in 
the walls of practically the whole of the left 
ventricle and the interventricular septum, large, 
ill-defined, firm whitish patches corresponding 
to areas of scarring. The endocardium revealed 
small blackish pigment deposits, especially 
noticeable at the bases of the aortic cusps in the 
immediate vicinity of the commissures, in the 
commissures themselves, in the leaflets of the 
mitral valves, and at the tips of the chordae 
tendinae at their points of attachment, and in 
the cusps and commissures of the pulmonary 
artery valve. In all of these localities the endo- 
cardium was thickened and calcified. The aortic 
valve cusps were thickened, calcified and slightly 
retracted. The aorta throughout its extent 
contained innumerable blackish deposits in 
areas of thickening and calcification. The 
coronary arteries were markedly calcified. Their 
lumina were greatly narrowed and in several 
places practically occluded. The right coronary 
artery was more extensively involved than the 
left. Its lumen was almost completely closed. No 
pigmentation was noted in any part of the 
coronary artery system. 

The prostate gland was normal in size. On 
section it showed many minute, jet black 
concretions. 

The intervertebral discs were narrowed, 
marbled in brownish black, and calcified. 

Except for the presence of 800 cc. of clear 
fluid in the right pleural cavity and 400 cc. in 
the left, 1,000 cc. in the abdomen and 100 cc. 
in the pericardial sac, the rest of the body, 
including the brain, showed nothing of note in 
the present connection. 

On histologic examination the muscle tissues 
of the myocardium were extensively hyalinized. 
In some instances, at the poles of the intra- 
cellular nuclei, there were deposits of pigment 
that were roughly triangular in shape with the 
bases toward the nuclei. The pigment was 
coarsely granular and brownish yellow. It did 
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not respond to stains for iron and seemed to be 
identical with the pigment found in the same 
localities in brown atrophy of the heart. Scat- 
tered through the hyalinized areas of myo- 
cardium were collections of finely granular 
brownish black pigment which responded to 
Fontana’s stain for melanin. In other places 
there were patches of finely granular or even 
amorphous material which stained bluish with 
hematoxylin and eosin and appeared to be 
calcium. The papillary muscles were likewise 
extensively hyalinized and sprinkled with black- 
ish pigment which also stained by the method 
of Fontana. The fibroendothelial valvular pro- 
longations were thickened, almost completely 
hyalinized, and revealed clumps of brownish 
black, finely granular pigment both in their 
substance and at the commissures, but no 
deposits of calcium. 

The sternoclavicular, costochondral and in- 
tervertebral cartilages showed large and small 
clumps of coarsely granular, brownish black 
pigment lying in an otherwise normal matrix. 
The cartilages of other joints were not examined. 

The prostate gland showed a moderate degree 
of fibromuscular hyperplasia. Scattered through 
the fibromuscular stroma were groups of acini 
which were lined by epithelial cells or were 
partially filled by desquamated cells. In the 
cytoplasm of many of these cells were deposits 
of coarsely granular, brownish black pigment. 
In the fibromuscular tissues in the immediate 
vicinity of the acini were numerous nucleated 
cylindrical cells in the cytoplasm of which were 
dense collections of brownish black, coarsely 
granular pigment. The acini, in many instances, 
were occupied by corpora amylaceae. Some of 
these were concentrically laminated, stained 
fairly pinkish and were free from pigment. The 
great majority showed no laminations at all, 
were rounded or oval in outline and were made 
up practically completely of finely or coarsely 
granular, blackish brown pigment, arranged 
diffusely or in clump-like formations. The reac- 
tion to Fontana’s stain for melanin was positive. 
None of the corpora amylaceae were calcified. 

The epithelial cells lining some of the distal 
and proximal convoluted tubules of the kidneys 
contained coarsely granular, brownish yellow 
pigment lying in the remains of the cytoplasm, 
only occasionally overflowing the nucleus. The 
majority of the collecting tubules were pig- 
mented. The cytoplasm of the lining epithelial 
cells was likewise crowded by yellowish brown 
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pigment granules. In both the convoluted and 
collecting tubules the epithelial cells were in an 
advanced state of disintegration and many of 
them were desquamated. The pigment in the 
tubules reacted to Fontana’s stain for melanin. 
In none of the tubules were there any signs of 
calcification. 

The cytoplasm of some of the nerve fibers in 
the posterior lobe of the pituitary contained 
small collections of brownish black pigment 
granules. 

Case m1. E. L., a ninety-four year old San 
Domingo woman, was transferred from City 
Hospital in October, 1944, for chronic care with 
the diagnosis of alcaptonuria, ochronosis and 
generalized arteriosclerosis. She had been suffer- 
ing from pain and stiffness in the knees and right 
shoulder and increasing difficulty in walking 
since 1937. She first noticed darkening of her 
eyes in 1941 and dark discoloration of her urine 
in 1943. None of the members of her immediate 
family had ever, as far as she knew, passed dark 
urine or had discoloration of the eyes, ears or 
skin. 

The patient came to the United States at the 
age of seventy-four. She had not been ill in the 
past except for malaria at the age of fifty and 
underwent a womb operation at the age of 
eighty. 

She was of slight build, unable to stand erect 
because of pain and stiffness in the knees. The 
skin was thin and dark-colored. The sclerae were 
blue and contained light brown patches of 
pigmentation measuring 2 to 3 mm. in diameter 
on either side of the corneal limbus. The ex- 
ternal ears exhibited intense bluish discoloration 
and their cartilages felt thick and inelastic and 
were opaque on transillumination. Bluish dis- 
coloration was noted in the superficial tendons 
of the hands and feet and in the nasal cartilages. 
The lungs were clear. The heart was moderately 
enlarged to the left, the rhythm was regular, 
blood pressure level ranged trom 210/100 to 
150/60. There was a harsh systolic murmur over 
the apex and base of the heart. No abnormali- 
ties were noted on examination of the abdomen. 
There was marked crepitation and limitation 
of motion in the knee, hip, right shoulder and 
elbow joints; kyphoscoliosis of the thoracic 
vertebrae and obliteration of lumbar lordosis. 
The palpable arteries in the upper and lower 
extremities were sclerotic. No other abnormali- 
ties were noted. 

X-ray examination of the vertebral column 
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revealed marked lipping of the vertebral bodies, 
narrowing of the intervertebral spaces, calcifica- 
tion of flattened and partially extruded inter- 
vertebral discs, calcification between the last 
dorsal and first lumbar vertebrae, scoliosis of the 
lumbar spine to the left and marked osteo- 
arthritic changes of the sacroiliac joints. The 


joint space of the right hip was narrow. The 


outlines of the head of the femur and acetabu- 
lum were irregular and there was irregular 
condensation of the bones adjacent to the joint 
space. The right acetabulum was protuberant. 
Hypertrophic osteo-arthritic changes were noted 
in the knee joints. 

The initial electrocardiograms exhibited regu- 
lar sinus rhythm and left deviation of the elec- 
trical axis. The pattern of left ventricular 
preponderance appeared in 1948. 

The urine exhibited all of the physical and 
chemical properties due to the presence of homo- 
gentisic acid, as described in the body of the 
paper. The patient was not anemic and the total 
and differential white blood cell counts were 
normal. The blood Wassermann test was nega- 
tive. There was no disturbance in the blood 
level of glucose, urea nitrogen, creatinine, uric 
acid, total protein, albumin, globulin, alkaline 
and acid phosphatase, total cholesterol and 
cholesterol esters, chloride and icteric index. 
The galactose tolerance test was normal. 

For the most part the patient was comfortable. 
She spent most of each day in a wheel chair. 
Pains in her shoulder and knee joints were re- 
lieved by aspirin tablets. In April, 1944, she 
suffered from left otitis media and in July, 1945, 
she developed an abscess in the left breast which 
was incised and drained. On three occasions in 
April, 1948, she complained of epigastric and 
precordial distress which was associated with 
paroxysmal auricular tachycardia lasting ap- 
proximately one hour. An aortic diastolic mur- 
mur was heard for the first time in April, 1948. 
In July, 1948, more persistent supraventricular 
tachycardia developed along with fluid at the . 
base of the left lung. Following digitalization 
these did not recur. She remained relatively 
well until early in the morning of May 1, 1949, 
when she was found dead in bed, having been 
in good spirits when seen an hour previously. 

On postmortem examination the calvarium 
had a deep yellow-brown color. The inner aspect 
of the dura mater contained patches of black 
pigmentation. The cut surfaces of the cerebral 
arteries were stained black. The structures of 
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the neck appeared normal except for black 
pigment in the thyroid, tracheal and laryngeal 
cartilages and in the cut surfaces of the large 
arteries. The costal cartilages, costochondral 
junctions and cartilages of the sternoclavicular 
joints were blackened and there was gray dis- 
coloration of the ribs. The lungs appeared 
normal except for black discoloration of the 
bronchial cartilages. The heart was enlarged 
to the left because of left ventricular hyper- 
trophy. There was black pigmentation in the 
commissures of the pulmonary valve. The aortic 
valve appeared mottled black. The annulus of 
the aortic valve and of the mitral valve was 
calcified. The coronary arteries contained 
numerous atheromatous placques which were 
stained black. The endocardium and myocar- 
dium of the left ventricle contained many fibrotic 
areas. Black pigmentation was present at the 
insertion of the chordae tendinae in the papil- 
lary muscles. The inner surface of the aorta had 
a mottled black appearance due to pigment 
deposits in atherosclerotic, calcified areas. 

The vertebral bodies were markedly atrophic 
and appeared to be fused in the lumbar region. 
The intervertebral discs were black and pro- 
truded. The joints of the extremities were not 
examined. 

There were numerous diverticuli of the sig- 
moid colon. 


SUMMARY AND CONCLUSIONS 


1. The salient aspects of the literature on 
alcaptonuria and ochronosis have been reviewed. 

2. Case histories and postmortem findings 
of three patients suffering from alcaptonuria 
with ochronosis and arthritis have been pre- 
sented. Metabolic studies were carried out in 
two of them. 

3. The metabolic disturbance appeared to 
be of equal severity in both patients since the 
rate of homogentisic acid excretion varied ap- 
proximately to the same degree in each with 
comparable variations in the protein content 
of the diet. 

4. Both patients converted nearly all of in- 
travenously administered L-phenylalanine to 
homogentisic acid. Their ability to convert D- 
phenylalanine to homogentisic acid was markedly 
limited and differed in degree. L-phenylalanine 
was catabolized to homogentisic acid more 
rapidly than D-phenylalanine. Nearly all of L- 
tyrosine fed by mouth to one patient was ex- 
creted as homogentisic acid. 
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5. The rate of excretion of homogentisic acid 
was not altered by large doses of nicotinic acid, 
thiamine chloride, riboflavin, pyridoxine, panto- 
thenic acid, vitamin C, vitamin K, with and 
without sodium glycocholate, oleum _perco- 
morphum, viosterol, crude and purified liver 
extracts, insulin, adrenal cortical extract and 
tyrosinase. Ingestion of brewers’ yeast caused 
an increase due to its high protein content. 

6. The nature of the metabolic disturbance 
in alcaptonuria has been discussed in light of 
current knowledge of tyrosine and phenylalanine 
oxidation. 


Acknowledgment: The authors are grateful to 
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HE physiology of the digestive tract is still 
| a young science. Consequently the worker 
who attempts to present a well rounded 
picture of this branch of physiology finds that 
his canvas contains more blank spaces than solid 
areas of comprehension. However, its growth is 
rapid, and so one would do well to stand off and 
examine the canvas in perspective at frequent 
intervals. For the clinician who seeks to interpret 
disorders of the stomach in the light of its 
physiology, such periodic review is likewise of 
great importance, particularly for his proper 
evaluation of medical and surgical procedures 
newly proposed for their management. The 
following discussion endeavours to present a 
picture of our current knowledge and hypotheses 
concerning the physiology of the mammalian 
stomach, and represents the background of 
ideas being used for these clinical purposes as 
well as for the design of new experimental 
ventures. 

The essential functions of the stomach include 
(1) temporary storage of ingested food while it 
is being reduced to a semi-liquid state; (2) secre- 
tion of chemical substances required for such 
liquefaction; (3) modification of the chyme so 
as to be tolerated by the duodenum; and (4) the 
controlled ejection of this chyme into the duo- 
denum. It is generally believed that salivary 
digestion of carbohydrates may continue in the 
stomach for twenty or thirty minutes following 
ingestion of food. The magnitude and duration 
of this process varies with the amount of gastric 
juice contained in the viscus at the beginning of 
the meal and the rapidity of its formation during 
the eating process. In any case the hydrolysis of 
carbohydrates in the stomach does not appear 


to be important for gastric physiology proper, 
and we may pass directly to such morphologic 
considerations as are pertinent to our objective. 


STRUCTURE OF THE GASTRIC MUCOSA 


The cellular sources of the gastric secretions 
are all in the mucosa. Major blood vessels are 
distributed in the outer layers of the stomach 
wall; the mucosal lining contains only vessels of 
smallest magnitude, and there is now good evi- 
dence for the existence of an extensive network 
of A-V shunts. Similarly, the major nerves to 
the stomach course only in its seromuscular 
layer. The cholinergic innervation derives from 
the two infradiaphragmatic trunks of the vagus, 
each of which contains fibers from both the right 
and left vagi, above the diaphragm. However, 
there is reason to believe that some of the vagal 
fibers are buried in the esophageal wall and 
enter the cardiac end of the stomach apart from 
the main trunks. A small fraction of the total 
cholinergic supply may derive also from the 4th 
and 5th dorsal nerve roots, at least in the dog, 
and penetrate the serosa along with the splanch- 
nic nerves. Cholinergic and adrenergic nerves all 
lead to a three-dimensional meshwork which is 
usually described as consisting of three plexuses: 
subserous, myenteric (Auerbach’s) and_ sub- 
mucosal (Meissner’s). This meshwork is ex- 
tremely complex in regard to its origins and 
intercommunications, and little is understood 
about the ultimate distribution and functions 
of its terminal fibrils. About the glandular 
epithelium there is much more understanding, 
and it is already possible to draw a picture 
which correlates well with secretory function 


* From the Gastroenterology Research Laboratory, The Mount Sinai Hospital, New York, N. Y. 
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in spite of considerable gaps in our knowledge 
of both. 

The entire mucosal surface—comprising the 
cardiac and pyloric regions as well as the corpus 
and fundus—is covered with tall columnar epi- 
thelium, overlaid with a layer of viscous mucus. 


Physiology of the Gastric Secretions—Hollander 


epithelial cell occur, each with a specific kind of 
secretory activity: neck chief (also designated 
mucous neck or mucoid) cells, body chief (peptic 
or central) cells, and parietal (acid, oxyntic or 
border) cells. These are interspersed with other 
varieties, among them argentaffin and mast 


0.4 - 0.55mm. 


Body Neck 


Crypt 
0.3 -0.5 mm. 


Parietal 
(Acid) 


Gastric 
Cavity 


Columnar 
(Mucous) 


Fic. 1. 
approximate). 


Dotting this sheet of surface cells are huge 
numbers of minute openings (three million or 
more for adult man) which represent the mouths 
of the foveolas or crypts. Each one of the latter 
communicates with one or more (an average of 
4.3 is sometimes cited for adult man) narrower 
collecting tubules, consisting of first the neck 
and then the longer and narrower body of the 
gland. The fundus of the latter rests on a base- 
ment membrane which is separated from the 
submucosa by a very thin muscle sheet, the 
muscularis mucosae. The folding of the mucosal 
layer into rugae, grossly evident under most 
circumstances, is a consequence of the greater 
area of mucosa than of muscularis propria as 
well as of muscular activity in the stomach, but 
it bears no significance for secretory function. In 
general, the surface epithelium extends into the 
crypt, undergoing a gradual transition from tall 
columnar cells at the mouth to the low variety 
near the neck of the gland. (Fig. 1.) At the junc- 
tion between crypt and neck there occurs a 
smaller type of cell, designated the transitional 
cell, the function of which is generative rather 
than secretory; it is believed to give rise to the 
columnar cells on one hand and the tubular 
epithelium on the other. 

In the corpus and fundus three varieties of 


Diagrammatic representation of gastric gland tubule (dimensions 


cells, and intestinal epithelium on occasion, 
although the normality of occurrence of the 
latter is still a moot point. Of the several secre- 
tory elements the parietal cells predominate in 
the neck, where they often border directly on 
the lumen of the gland instead of being literally 
‘‘parietal,’’ whereas the peptic cells predominate 
in the body of the gland. 

In the area of mucosa adjacent to the gastro- 
esophageal orifice, sometimes extending into the 
lowermost portion of the esophagus, the typical 
fundic glands undergo a gradual transition, with 
progressively vanishing density of parietal and 
peptic cells. These are designated the cardiac 
glands. In the distal end of the stomach, down 
to the pyloric ring, a region of tubular glands 
occur, short and wide, with numerous tortuous 
branches. Except in a narrow transitional zone 
these comprise only mucous cells, i.e., columnar 
epithelium typical of the corpus and another 
variety designated pyloric gland cells. 


PHYSICAL AND CHEMICAL CHARACTERISTICS 
OF GASTRIC SECRETION 


It is almost impossible to collect pure gastric 
juice from the intact stomach of man or experi- 
mental animals because of contamination by 
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saliva and the secretions regurgitated from the 
duodenum. When obtained from isolated auxili- 
ary stomachs or pouches, the material is usually 
fluid, transparent (except for occasional suspen- 
sion or colloidal dispersion of insoluble mucin) 
and colorless. Its specific gravity is low, usually 
about 1.002. Its freezing point depression is 
generally about the same as that of plasma or 
somewhat greater. Variations in osmotic pres- 
sure of the blood, induced experimentally, are 
reflected promptly in the osmotic concentration 
of the gastric juice. Viscosity, adhesiveness and 
cohesiveness are about the same as for water, 
except in the near or complete absence of HCl, 
when these physical properties are strikingly 
high because the secretion is predominantly 
mucus. In the absence of blood such mucous 
specimens are also colorless but of widely vari- 
able opacity, depending on their content of 
suspended mucin and desquamated epithelium. 
This variety of secretion is also slightly hyper- 
osmotic with respect to blood. 

The chemical composition of gastric juice 
reflects the complexity of its composition, being 
a mixture of all the inorganic ions found in other 
body fluids, free HCl most of the time, bicarbon- 
ate ion when acid is absent and a number of 
organic constituents. Included among the latter 
are several enzymes and their precursors, three 
or more different mucins and their degradation 
products, the intrinsic factor of Castle, and a 
miscellany of other substances derived in minute 
amounts from interstitial fluid and cellular dis- 
integration. Qualitatively, bicarbonate may or 
may not be present in anacid juice, for the addi- 
tion of minute amounts of HCl to the non-acid 
secretions will convert their alkali bicarbonate 
to free CO: to an extent dependent on the pro- 
portion of the two varieties of fluid. However, 
specimens with pH above 7 probably always 
contain their full complement of alkali protein- 
ate and phosphate, along with any unneutral- 
ized bicarbonate. Such mixtures of acid and 
alkaline secretions are said to have an acid 
deficit, a term which possesses much merit 
physiologically although it is now employed but 
rarely. In the pH range between 7 and 3.5 bi- 
carbonate is invariably absent and the protein 
buffers of the alkaline secretions exist in varying 
degree as protein chloride or combined acidity. 
Only when the buffer salts of the non-acid fluids 
have been completely neutralized is HCI present 
as such, corresponding to free acidity. The pH 
value adopted as a boundary between free and 
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combined acidities is 3.5, equivalent to a 
titrimetric acidity of about 1 mEq./L.* The 
total acidity represents the sum of free and com- 
bined acidities but it is evident from the fore- 
going that the secretion of minute amounts of 
gastric acid may never be recognized because of 
its conversion to, and disappearance as, car- 
bonic acid. Phosphate is found only in small 
amounts; Cl ion occurs in relatively high con- 
centration, regardless of the acidity, and derives 
from all the constituent secretions either as HCl 
or as alkali and alkaline earth chlorides. How- 
ever, such neutral chlorides may be formed in part 
by interaction of bicarbonate and HCl. Of all 
the cations the concentration of Na in gastric 
juice remains at or below its level in other body 
fluids, whereas K may attain a concentration 
many times that in plasma; Ca and Mg are also 
present but their concentrations are never 
greater than in the blood. According to current 
concepts none of these cations derives from the 
same cellular source as the acid. 

It appears from the foregoing that the chemi- 
cal anatomy of pure gastric juice varies widely 
and according to no obvious pattern but this 
seeming chaos is gradually being reduced to 
simple design in terms of the several individual 
secretions which compose the mixed gastric 
fluid, each having a different cellular origin 
and a more or less well defined chemical anat- 
omy of its own. In fact the inorganic composition 
of any mixture of these distinct secretions, in any 
particular proportion, can now be predicted 
with considerable confidence from their chemi- 
cal interactions and their mutual degrees of 
dilution. Let us, therefore, proceed to a detailed 
consideration of each of the physiologic enti- 
ties by itself. 


ENZYME SECRETION 


Pepsin. This enzyme, foremost among ail 
those present in gastric juice, is synthesized by 
the body chief cells and extruded in the form of 
a zymogen, called pepsinogen. Nothing is known 
about the intracellular processes concerned with 
the synthesis of this proenzyme except that it is 
formed continuously and stored as granules 
which move toward the luminal end of the cell 
and disappear during the act of secretion. 


* The physicochemical unit of 1 mEq./L. [or one 
millinormal (mN)] is numerically identical with the 
“clinical unit” or “degree of acidity,” but the first is 
preferred because it offers a scientific rationale whereas 
the last two are both arbitrary. 


~ 


456 


Whether pepsinogen secretion is accompanied 
by water and electrolytes is still undetermined; 
if so, their contribution to the total volume of 
gastric juice is exceedingly small. In fact it may 
be that when the inactive enzyme is ejected by 
the body chief cell, it tends to remain in the 
lumen of the gland until it is washed into the 
cavity of the stomach by the fluid acid secretion. 

Pepsinogen has been isolated in crystalline 
form. It is a protein of molecular weight about 
42,000, inactivated reversibly both by boiling 
and by treatment with alkali at pH 9.0 or above. 
On addition of acid, however, the zymogen is 
converted to active pepsin by an autocatalytic 
reaction in the course of which a third substance 
with the character of a pepsin inhibitor is also 
liberated. The molecular weight of the active 
pepsin in crystalline form has been found to be 
about 38,000 whereas that of the inhibitor (also 
a.nitrogenous substance) is of the order of 5,000. 

The function of pepsin in the stomach is to 
hydrolyze dietary proteins to proteoses and 
peptones in preparation for their complete 
degradation to small polypeptides and amino 
acids in the small intestine. As with all the 
digestive enzymes, the rate of peptic hydrolysis 
varies with the pH of the reaction mixture, being 
nil at both high and low values and maximal 
in a restricted range between. Pepsin differs 
from all the others, however, in having a pH 
optimum of activity in the neighborhood of 2. 
Values usually cited vary from 1.2 to 2.4, 
depending on the substrate employed; this 
interval corresponds to a range of 74-4 mN in 
terms of titrimetric acidity. The hydrolytic 
potency of the enzyme vanishes below pH 0.7 
(ca. 240 mN) on one hand and above pH 4.5 
(less than 1 mN) on the other. Hence, for the 
purpose of evaluating antacids in terms of their 
chemical efficiencies, apart from their clinical 
potencies, it has been proposed to designate this 
higher pH of 4.5 the proteolytic neutralization point 
for pepsin in contrast to 3.5 which is the free 
acidity end-point. 

Rennin. The coagulation of milk, involving 
proteolysis of soluble caseinogen to proteins of 
lower molecular weight, can be effected by 
pepsin in HCl but there is also a specific enzyme, 
rennin (pH activity optimum = 4-5) which 
catalyzes this hydrolysis. After years of con- 
troversy it is now generally accepted that rennin 
is found in the 4th stomach of the calf but is 
absent from human gastric secretion, infant as 
well as adult. 
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Other proteases have also been reported as 
occurring in gastric juice but their specific 
functions are not always evident. Chief among 
these is cathepsin (pH optimum = 4-5), a pro- 
tease which is activated by cyanide and cysteine. 
The occurrence of this enzyme in the stomach 
wall is beyond question but the evidence for its 
occurrence as a major component of gastric 
secretion is indirect and still awaits confirma- 
tion. Gastric tissue contains a specific gelatinase, 
and the ability of gastric juice to liquefy gelatin 
can be ascribed to a small amount of this 
enzyme as well as to pepsin. 

Non-proteolytic Enzymes. Urease and carbonic 
anhydrase both occur in considerable quanti- 
ties in the tissue of the stomach but they are 
negligible factors in its secretion. Carbonic anhy- 
drase, which catalyzes both the formation of 
H.CO; from COz and H2O and its decomposi- 
tion in the pH range 6-9, is found in the surface 
epithelium as well as the parietal cell. It is now 
known to play this important role during the 
formation of HCl (q.v.) but its function in the 
gastric mucous cells is still not evident. Urease 
(pH optimum = 6.5-7.5) is also an endoenzyme 
with no evident function in the stomach but it 
may be that it is involved in the formation of 
NH; from urea for the purpose of neutralizing 
the HCl. Lysozyme is a highly specific carbo- 
hydrate-splitting enzyme (pH optimum = 5.3) 
which occurs normally in both secretion and 
tissue, but only in small amounts. Its concen- 
tration in gastric juice of the ulcerated stomach 
may be elevated markedly but in the stomach 
tissue no increase is evident except in the area 
immediately adjacent to the lesion. Its presence 
under these conditions is a reflection of a 
localized defensive reaction, and in no way an 
etiologic factor. Finally, there is lipase, which 
can be extracted from both normal tissue and 
its secretion. That it is an exoenzyme of the 
stomach is now generally denied, and that 
portion of it which is not endoenzyme appears 
to be one of the constituents of the regurgitated 
duodenal fluid. The fact that lipase has a pH 
activity optimum at 4—5 also argues against its 
possessing any function in the gastric juice, the 
pH of which is usually about 2. 

Exocrine-endocrine Partition of Pepsinogen. As 
with all other digestive enzymes pepsinogen is 
classified as exocrine because it is ejected from its 
parent cell into the lumen of a gland or viscus. 
However, a small fraction of the total zymogen 
is ejected by the cell also into the adjacent inter- 
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stitial fluid, from which it is transported ulti- 
mately to the urine. This fraction of the pep- 
sinogen (designated uropepsinogen) is in effect an 
endocrine product of the cell, even though it 
serves no hormonal function. A similar dis- 
tribution of total enzyme production between 
exocrine and endocrine fractions is already 
known to occur with other digestive enzymes 
(e.g., amylase from the salivary glands and the 
pancreas, and lipase from the latter) and it may 
well be a general phenomenon throughout the 
alimentary canal. In the case of pepsinogen the 
total quantity excreted through the kidneys in, 
say, three hours is roughly proportional to that 
secreted simultaneously into the stomach, at 
least while the latter is in a fasting state, and 
amounts to roughly 1 per cent of the total. 
This is true for man with gastric or duodenal 
ulcer as well as with no ulcer disease (individu- 
als with the achylia of carcinoma or pernicious 
anemia put out no uropepsinogen) so that a 
fairly good measure of the rate of pepsin secre- 
tion in the stomach can be obtained without 
gastric intubation, merely by determining the 
simultaneous rate of uropepsinogen excretion. 
Data on blood levels of this proenzyme are not 
yet available because of the inadequacy of our 
present assay methods. 


ACID SECRETION 


It is a truly remarkable characteristic of the 
alimentary tract that at each of its levels 
electrolytes, adequate both in character and in 
quantity, are present to adjust the pH to a value 
suitable for the efficient operation of its digestive 
enzymes. Thus the enzymes of the salivary, 
intestinal and pancreatic glands require pH 
levels around 7, and so they are provided with 
sources of bicarbonate and phosphate buffers. 
In the stomach, on the other hand, pepsin acts 
best at pH values around 2, and so its glands 
contain a unique type of cell for the production 
of a strong inorganic acid (HCl) in quantities 
large enough to neutralize all the alkaline salts 
of the saliva and food, and then to reduce the 
pH of the food mass still further. In addition to 
this, gastric HCl possesses two other important 
functions: initiation of the autocatalytic con- 
version of pepsinogen to active pepsin; also, 
extensive sterilization of the gastric chyme by 
destroying bacteria, such as streptococci, staphy- 
lococci and Escherichia coli more or less 
completely. 

In what cell does the stomach elaborate HCl 
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at a concentration which would prove destructive 
in any other organ? Since pH levels of 3 or less 
can be detected in the minute canaliculi which 
communicate between the tubules of the gastric 
glands and the interior of the parietal cells, the 
latter are properly called ‘“oxyntic.”’ Further- 
more, there is a good correlation between the 
density of these cells in microscopic volumes of 
the gastric mucosa and the content of acid 
determined microchemically in immediately 
adjacent regions. Also, the occurrence of 
carbonic anhydrase in the parietal cells, taken 
together with recently reported inhibition of 
acid secretion in Heidenhain pouches by a newly 
synthesized inhibitor of this enzyme, lends 
additional support to our acceptance of the 
parietal cell as the source of gastric acid. Acid 
pH’s, however, have never been detected within 
the cytoplasm of the parietal cells, from which 
it must be inferred that the HCl is probably 
synthesized at or within the wall of the intra- 
cellular canaliculus. This minute structure is 
actually a tubular arborization within the cell 
and leads into the lumen of the gland, either 
directly or by way of an intercellular canal which 
passes between the zymogen cells. The intra- 
cellular canaliculi are almost never seen in 
tissue sections prepared from a resting stomach 
because they are collapsed when empty. During 
active secretion, however, they are amply dis- 
tended and therefore readily discernible. 

As for the intracellular chemistry of HCl for- 
mation, a sufficient number of facts are now 
available to provide an acceptable hypothesis: 

(1) The chlorine is derived from the blood 
stream‘ as inorganic chlorides (i.e., of Na, K, 
etc.) without being stored in significant amount. 

(2) The time required for the passage of 
chloride from the vascular system to the lumen 
of the stomach may be as little as one minute, 
the salts being converted to HCl immediately 
prior to its secretion and without intermediate 
formation of organic chlorides. 

(3) Since we are concerned with the secretion 
of an electrolyte, the character and concentra- 
tion of its accompanying electrolytes are of 
paramount importance. Although pure parietal 
secretion, as it is ejected from the cell, has never 
been collected, it is generally believed to be a 
pure solution of HCl at a concentration in the 
neighborhood of 165 mN. It contains no metal 
cations whatever; for some time there was 
reason to think that K occupied a peculiar 
position in this regard, being present at a con- 
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stant concentration of 7-10 mN, but this has 
recently been shown not to be the case. Anions 
other than Cl- are also absent; however, other 
members of the halogen family (i.e., Br~ and I~) 
when injected into the blood stream also appear 
in the parietal secretion, as HBr and HI. 

(4) An HCI solution with a concentration of 
approximately 165 mWN is slightly hypertonic 
with respect to blood, and such hypertonicity of 
the parietal secretion is confirmed by freezing 
point depression measurements as high as 
0.62°c. This small differential in osmotic con- 
centration may possibly result from the synthesis 
of new solute and the utilization of some of the 
water in this synthesis. 

(5) Simultaneous with the secretion of HCl 
the venous blood from the stomach undergoes 
an increase in its concentration of bicarbonate 
ion. Total chloride decreases very little, if any, 
presumably because this ion and water occur 
in the gastric juice in a ratio not radically differ- 
ent from that in the blood. The rise in bicarbon- 
ate content, however, reflects the production of 
alkali simultaneous with the production of HCl, 
so that in essence the parietal cell effects the 
hydrolysis of neutral chloride with the ejection 
of free HCl in one direction and of NaOH 
neutralized chiefly by H:CO; in the other. Of 
all the organs the stomach alone presents this 
anomalous situation that, during its activity, its 
venous blood may be more alkaline than its 
arterial supply. These small changes in blood 
concentrations resulting from normal gastric 
activity are sometimes reflected in an increase 
in COs, tension of the alveolar air during the 
first half hour postprandially and in the “‘alka- 
line tide’’ of urine—although the latter can be 
explained also as a consequence of decreased 
respiratory activity associated with postprandial 
drowsiness, or of a preponderance of alkaline 
constituents of the meal itself. In clinical situa- 
tions involving prolonged secretory activity with 
loss of HCl by vomiting or gastric lavage these 
changes in blood and urine become very 
marked, even to the extent of frank alkalosis. 

(6) That the parietal cells contain carbonic 
anhydrase has been known for some time but 
evidence to establish its role in relation to HCl 
secretion was not available until recently. This 
enzyme possesses the peculiar function of speed- 
ing up the reaction represented by the equation 


CO, (in solution) + @ H.CO; 


toward its equilibrium point, regardless of the 
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direction. In its presence the rate of hydration 
of COz in vitro may increase one thousand fold 
or more. Some recently synthesized sulfonamide 
derivatives are now available which are ex- 
ceedingly effective inhibitors of carbonic an- 
hydrase activity zn vitro. Recent studies with one 
of these (2-acetylamino-1,3,4-thiadiazole-5-sul- 
fonamide, called compound No. 6063) has 
proved it to be a potent, although not quite 
complete, inhibitor of the secretory response to 
histamine injections in living animals as well. 
Therefore, there is now little doubt that carbonic 
anhydrase plays an important role in the pro- 
duction of gastric HCl but whether the enzyme 
is essential to the process is still unsettled. 
What hypothesis can be offered concerning 
the mechanism of HCl formation in the stomach 
which will unite these half dozen observations 
into a consistent and meaningful whole? The 
most comprehensive of several proposals ad- 
vanced to date is the membrane hydrolysis theory, 
formulated chiefly on the basis of our own in- 
vestigations during the past twenty-five years. 
Since the uncontaminated parietal secretion is 
entirely devoid of cations other than H ion, and 
contains no anion other than Cl ion, it is 
assumed that there exists within the cell a mem- 
brane that is permeable only to these two ions 
and water. This membrane constitutes the wall 
of the intracellular canaliculus—recently re- 
ported to be an organized structure with a 
thickness of the order of 0.5u—which con- 
stitutes the boundary surface between the cyto- 
plasm of the cell and its route of communication 
with the lumen of the gastric gland. Inorganic 
(neutral) chlorides, derived from the blood 
stream and interstitial fluid, enter the cell with 
water, carbon dioxide, oxygen and nutrient 
substances as these are required for secretory 
activity. On stimulation water moves out of the 
cell into the canaliculus taking with it H+ and 
Cl-, the only dissolved particles which can 
possibly move along with it. The concentration 
of the solute is 165 mN, because this concentra- 
tion of HC! is isosmotic with the cytoplasm and 
slightly hyperosmotic with respect to the blood. 
Thus the reaction by which acid is formed from 
the alkali chlorides (BCl) may be envisaged as a 
hydrolysis which occurs within the specifically per- 
meable wall of the intracellular canaliculus, 1.e., 


BCl + H,O @ HCl + BOH. 


The base, BOH, must be neutralized immedi- 
ately as it is formed or else the pH of the cyto- 
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plasm would increase inordinately and the cell 
would be destroyed. For this purpose the cell 
uses its buffers, phosphate, protein in small 
degree, perhaps even some lactic acid of intra- 
cellular metabolic origin, but chiefly carbonic 
acid. The latter is derived in part from the inter- 
stitial fluid and in part from intracellular oxida- 
tion. The chemistry of this hydrolysis and 
neutralization may be described in three appar- 
ently different ways, i.e., as two stepwise reac- 
tions; or as a double decomposition between 
HCO; and BCI with the formation of HCl and 
BHCOs, the latter being excreted into the inter- 
stitial space in exchange for an equivalent 
amount of BCI; or simplest of all, an interchange 
of Cl- and HCO;~ between interstitial fluid and 
cytoplasm, and simultaneously, an electrically 
balanced movement of H+ and Cl across the 
hydrolyzing membrane from cytoplasm to 
lumen of the canaliculus, but no movement of 
cation (B+) whatever. These three formulations 
are only different ways of viewing the same 
chemical processes. According to the last of 
these views, we have the following detailed 
schema: 
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stitial fluid accounts for the increase in alkaline 
reserve of the blood, the associated change in 
alveolar CO, tension, the alkaline tide in the 
urine, and thus the alkalosis which accompanies 
marked loss of gastric juice by vomiting or 
lavage. Hydrochloric acid formation can pro- 
ceed in the absence of carbonic anhydrase 
because of the small uncatalyzed portion of the 
reaction by which H2CQ; is formed, but in the 
presence of the enzyme the rate is increased 
considerably. Hence if activity of the enzyme 
be blocked by compound No. 6063, HCI pro- 
duction will be reduced drastically but not 
entirely. Other buffer systems of the parietal 
cytoplasm may also continue their contribution 
to the chemical dynamics of HCl production 
during carbonic anhydrase inhibition but the 
extent of their contribution is not yet clear. 

A number of colored substances, when in- 
jected parenterally, are poured out by the 
mucosa into the lumen of the stomach, simul- 
taneous with acid production, and for this 
reason it is claimed that they are actually 
secreted by the parietal cells on stimulation. 
Chief among these pigments is neutral red, 
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The slight hypertonicity of this system relative 
to the extracellular fluid generally results from 
an increase in concentration of solute particles 
caused by the generation of H ion and HCO; 
ion from molecular CO:, and also by the 
utilization of some of the water in this reaction. 
The substitution of HCO;~ for Cl- in the inter- 
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which is often used under special circumstances 
as an indicator of the ability of these cells to 
produce HCl. The peculiar amphoteric charac- 
teristics of these compounds lend plausibility to 
this claim but they also can be used to explain 
their transport through the interstitial spaces 
of the mucosa rather than through the cells 
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themselves. In either case this phenomenon as 
yet contributes nothing to our understanding 
of the intimate mechanism of HCl production. 


MUCOUS SECRETIONS 


Mucus is the secretory product of the columnar 
cells. This secretion contains one or more com- 
plex organic compounds, called mucins, and 
probably all the inorganic ions of other body 
fluids. As ejected by its parent cell its pH is 
about 7.4, but as it is collected from a gastric 
pouch or the intact stomach the pH may be 
less than this (because of contamination with 
minute amounts of parietal HCl) or as high as 
9.0 (because of loss of COz on exposure to air). 
The ability of pure mucus to neutralize acids 
is variable and may be equivalent to concentra- 
tions as high as 80 mN. Specimens of this anacid 
secretion may be entirely acellular or may con- 
tain huge quantities of columnar epithelium 
and leukocytes, depending on the type of 
stimulus. Mucus is characterized chiefly by its 
high viscosity but its cohesiveness and its ad- 
hesiveness to cell surfaces and food particles are 
also important physical characteristics. Fre- 
quently, however, it occurs in moderately fluid 
forms as well as highly viscous ones. This may 
be explained by the fact that the viscous secre- 
tion undergoes spontaneous liquefaction at 
37°c. but there is also the possibility that these 
more fluid specimens are, wholly or in part, 
the product of a second variety of secretory 
element—the neck chief cell—and therefore 
properly designated. mucoid secretion. However, 
this possibility is still hypothetical. 

Several chemically different mucins have 
been recognized, without any indication of their 
cellular sources. All of them are complex com- 
binations of a protein of unknown character 
and a mucopolysaccharide. The carbohydrate 
moiety contains acetylglucosamine, galactose 
and sometimes glucuronic acid; glucose, man- 
nose and fucose may also be present though in 
lesser proportions. Some of the mucins contain 
H.SO, (in different ratios); one without it, i.e., 
the neutral polysaccharide, is identical with 
blood group A specific substance. Specimens of 
acid gastric juice contain degraded forms of the 
mucins in solution as well as undissolved. The 
former have been fractionated by precipitation 
with acetone and trichloracetic acid into 
“‘mucoprotein” and “mucoproteose,” but what 
relation exists among the native mucins and 
these degradation products is still obscure. 
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The functions of the mucous secretions in the 
stomach are all protective. The viscous material, 
forming a layer on the inner surface of the 
stomach, protects it against mechanical, thermal 
and chemical trauma, for any form of irritant 
process evokes an immediate thickening of this 
surface layer. If the irritant be particularly 
destructive to the superficial columnar cells 
these are promptly desquamated and _ their 
highly viscous contents re-enforce the surface 
layer. Replacement of these shed cells by migra- 
tion and regeneration occurs with such speed 
that the entire process of cellular desquamation 
and replacement must be considered to con- 
stitute an integral part of the protective mecha- 
nism of the stomach against autodigestion, 
peptic ulceration and possibly even cancer 
production (by endogenous carcinogenic agents). 
For these reasons the concept of a protective 
gastric mucous barrier which is made up of two 
components is coming to play an increasingly 
important role in our thinking. According to 
this hypothesis the layer of mucus constitutes 
the first line of defense and the deeper layer of 
columnar cells the second. In addition to the 
lubrication afforded by the layer of mucus it 
serves to adsorb pepsin, to neutralize HCl and 
to wash away traumatic substances which im- 
pinge upon it, being replaced immediately 
following such washing away. All of these func- 
tions contribute to making mucus a most 
effective protective agent. Laboratory and 
commercial extracts of “‘mucin,’’ administered 
orally, have been found to be inadequate as 
substitutes for the protective mucous barrier; 
this failure is readily understandable since these 
preparations possess neither the adhesiveness or 
the cohesiveness of the natural mucus, nor the 
ability to withstand the disintegrating action of 
HCl, nor can they replenish themselves following 
such disintegration. 

For purposes of analysis of the physicochemi- 
cal relations of mixed gastric juice, particularly 
the relations among the concentrations of its 
various ions, the term alkaline component is fre- 
quently used in conjunction with acid component. 
The latter comprises parietal secretion alone; 
the former is a mixture of variable composition 
which includes all forms of mucous secretion, 
pepsinogen secretion, cytoplasm of desquamated 
cells and transudate of interstitial fluid which 
probably occurs in the lumen of the stomach 
also. Another hypothetic fluid, designated the 
dilution secretion, is also encompassed by the 
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alkaline component but this may prove to be 
identical with either the mucoid secretion or the 
transudate. Thus the term alkaline component 
does not represent a real physiologic entity but 
is merely a convenient expression which will 
vanish as we learn more about the individual 
secretions which it includes. 


STIMULATING MECHANISMS 


In the same way that the chemical makeup of 
mixed gastric juice has definitive physiologic 
meaning only in terms of the individual secre- 
tions which compose it, so the character of the 
total secretory response to a meal acquires 
meaning only in terms of several categories of 
stimulation, i.e., neural, hormonal, secretagogue 
and mechanical. Analysis according to these 
categories is also important for understanding 
the responses to a great variety of chemical sub- 
stances which are employed for clinical testing 
of gastric secretory function and for therapeutic 
purposes. The following discussion treats these 
several categories of stimulation not only in 
terms of their routes but also in terms of the 
specificity of their end-organ responses. 

Neural Stimulation (Psychic, Cephalic or Vagal 
Phase of Secretion). ‘This may arise peripherally 
or centrally as part of a long reflex chain. The 
efferent routes of communication with the 
gastric glands are along the vagi in most cases, 
the sympathetic nerves exercising a restricted 
effect which is not clearly understood. It is 
slowly becoming evident, also, that some 
cholinergic nerves with secretory function may 
reach the stomach wall along with the sympa- 
thetic supply from the spinal cord. The com- 
plexity of the vagal pathways, especially in man, 
and the numerous structural variants which 
occur among different individuals, contribute 
greatly to the current deficiency of knowledge 
in this area. Afferent impulses to the vagus 
center arise from receptors of vision, taste and 
smell. The mere thought of savory food or its 
hypnotic suggestion also serves as a stimulus to 
secretion, and conditioned reflexes can easily 
be developed on the basis of such gastronomic 
experiences. Thus mastication of food—without 
its entering into the stomach, i.e., sham feeding 
accompanied by expectoration, by regurgitation 
from an esophagus that is completely obstructed 
at the cardiac orifice or by loss through an 
esophageal fistula—induces gastric secretion by 
a combination of these several receptor mecha- 
nisms, all operating via the medulla and vagal 
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trunks. On the other hand the ingestion of inert 
substances like oatmeal gruel exercises little or 
no influence on these reflexes. Transection of 
the vagi, if complete, makes all stimuli within 
this category ineffective. The latent period for 
neural stimulation is short relative to that for 
other modes of stimulation, only a few minutes 
at the most, but the response may persist for two 
or more hours when the primary stimulus is of a 
high order of palatability for the subject, or if 
its ‘emotional’? content be high in other 
respects. 

The secretory end organs for vagal stimulation 
are multiple. It activates both the acid- and the 
enzyme-forming cells; in fact, a high enzyme 
activity generally serves to identify a specimen 
as vagal or vagomimetic in origin. Electrical and 
pharmacologic stimulation of the vagus trunks 
evokes the output of viscous mucus also, but 
only if the intensity of stimulation is low. Other- 
wise, the secretory product is typically fluid, 
with high acidity and pepsin activity. However, 
although neural fibrils from Meissner’s (sub- 
mucosal) plexus are known to pass to the 
parietal and zymogen cells, theit communica- 
tion with the mucous cells has never been 
demonstrated unequivocally. Furthermore, vagal 
stimulation induces muscular activity of the 
stomach, and this in turn squeezes mucus out of 
the folds of the mucosa and the crypts so that 
the output of mucus following such stimulation 
is evoked indirectly in some degree, and maybe 
entirely. 

Secretory responses to sympathetic stimula- 
tion also merit consideration in this context. 
Observations of an increased output of acid and 
pepsin are scant and not at all consistent, but 
electrical stimulation of freshly cut splanchnics 
in anesthetized animals may give a steady 
secretion of typical viscous mucus, at moderate 
rate, for a prolonged period. In contrast to 
mucus obtained by parasympathetic stimula- 
tion, the pepsin content of this material is low. 
Also, the response to sympathetic stimulation is 
inhibited by ergotamine but not by atropine 
whereas parasympathetic stimuli are blocked 
characteristically by the latter. 

Hormonal Stimulation (Gastric or Gastrin Phase of 
Secretion). This second type of stimulus is an 
endocrine substance called gastrin. This hormone 
is formed in the gastric wall, especially in the 
pyloric region, but by what cell is unknown. It 
can be transported to its effector organ by way 
of the circulation but its direct diffusion through 
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the interstitial fluid to the nearby gastric glands 
is also a possibility. Gastrin has already been 
extracted from gastric tissue in sufficiently pure 
state to be used in experimental animals. Con- 
trary to early evidence the most recent prepara- 
tions of this humoral agent are free of the 
vascular activity of histamine; but this does not 
preclude its being some unidentified derivative 
of this compound. 

Stimulation of gastric secretion through the 
gastrin mechanism can be evoked in either of 
two ways: (1) mechanical distention of the 
pyloric antrum by liquids, solid food or even 
an inflated balloon; and (2) contact with the 
antral mucosa of chemical substances derived 
chiefly from meat and other proteins by partial 
digestion, (particularly proteoses, peptones and 
nitrogenous extractives). Although this is dis- 
tinctly a humoral mechanism for stimulating 
gastric secretion and its latent period is relatively 
long, its initiation depends on a local reflex 
process. The receptors of this reflex lie in the 
gastric mucosa. This is evidenced by the ob- 
servation that topically applied procaine can 
block the initiation of the hormone mechanism 
by chemical or mechanical means but not the 
action of a purified gastrin preparation which 
has been injected intravenously. 

Gastrin, be it derived exogenously or endo- 
genously, activates only the parietal cells. Pepsin 
is put out in very small quantity, probably only 
by being washed out by the acid fluid, and 
mucus practically not at all. 

Exogenous Secretagogue Stimulation (Intestinal 
Phase of Secretion). Like the second mode of 
secretory stimulation this also is a humoral 
mechanism but it makes use of a great variety 
of chemical agents which are absorbed into the 
general circulation by the small bowel. These 
substances are all exogenous and their action 
does not involve a local reflex process in the 
intestinal wall, as evidenced by the failure of 
bowel distention or topically applied procaine 
to influence their ability to stimulate secretion 
in the stomach. Chief among these substances 
are nitrogenous meat extracts, liver extract, 
proteoses, peptones, a few of the amino acids, 
alcohol and agents like histamine and some of 
its derivatives. Carbohydrates and fats are in- 
effective, although soluble soaps are not. The 
mode of action of such substances has generally 
been thought to be by direct stimulation of the 
effector cells because such action was not 
affected by vagal section. However, there is 
mounting evidence that a neural process, not 


yet understood, may be involved in this third 
phase of secretion as well. This is particularly 
the case for the amino acids, which may act 
centrally in spite of the early findings. Also, it is 
now well established that the secretory response 
to these secretagogues can be blocked by 
systemic atropinization, and that the response 
to histamine, at least, can be augmented 
synergistically by vagal stimulation. 

There seems to be only a single variety of 
effector cell for these secretagogues, the parietal 
cell. Gastric juice collected in response to this 
mode of stimulation has a low content of both 
pepsin and mucin, provided the vagal phase has 
been obliterated entirely. The volume of fluid 
secreted in the stomach in response to the 
intestinal phase appears to be relatively low, 
and considerable doubt is often expressed about 
its importance in the entire secretory organiza- 
tion of the stomach. 

Mechanical Stimulation. Rubbing of the mucosa 
with a rough object, in contrast to distention, 
must also be considered a secretory stimulus. 
This process evokes the secretion of viscous 
mucus only. Acid secretion fails to occur, as is 
evident in a completely resting stomach pouch 
and, although pepsinogen is found mixed with 
the mucus, it seems likely that its presence results 
from a squeezing-out effect rather than true 
stimulation of the zymogen cells. Mucus ex- 
trusion under these circumstances may also be 
a matter of external pressure as well as of actual 
stimulation of the surface cells to eject their 
secretory product actively. Even if this be so, 
the response to mechanical irritation fits in with 
the protective character of this secretion, and 
rubbing must be considered a true mode of 
stimulation for the mucous epithelium. 

Note on Resting Secretion. ‘The current termi- 
nology of gastric secretory physiology includes a 
number of terms which imply a fourth phase of 
gastric secretion: basal secretion, continuous secre- 
tion, interdigestive secretion, night secretion, appetite 
secretion. These all lend themselves to interpreta- 


‘tion in terms of the three stimulating mechanisms 


already described and are clearly the result of 
such stimulation, particularly the vagal. How- 
ever, a possibility still remains that the parietal 
cells are capable of some degree of spontaneous 
activity in the absence of all these stimuli. 
Although the interdigestive phase of secretion 
in fasting patients is sometimes eliminated 
following complete surgical vagotomy for peptic 
ulcer, and this lessens the likelihood that such 
unstimulated activity does occur, this evidence 


AMERICAN JOURNAL OF MEDICINE 


. 
. 


Physiology of the Gastric Secretions—Hollander 463 


for its non-existence cannot yet be accepted as 
conclusive. 


INHIBITING MECHANISMS 


Neural. ‘There is suggestive evidence that the 
vagi contain inhibitory as well as stimulatory 
fibers for gastric secretion. Nausea induced by 
foul-smelling odors, reflex distention of the 
bowel, painful stimuli from other regions of the 
body, certain anxiety states and hypnotic sug- 
gestions of various allied experiences, all are 
capable of causing a reduction in gastric acidity 
in man. However, definitive pathways for such 
effects have never been demonstrated and the 
problem presents a virgin field for investigation. 

Hormonal (Enterogastrone). When fat or sugar 
is brought into contact with the duodenal 
mucosa, gastric secretion is inhibited markedly. 
Among the many endocrine substances gen- 
erated by the intestinal mucosa there is one 
which is specific for this reaction. This sub- 
stance, called enterogastrone, has already been 
isolated in sufficiently pure form to permit 
injection into man as well as experimental 
animals. A counterpart to this agent also occurs 
which inhibits motor activity in the stomach; 
this also is called enterogastrone but is appar- 
ently distinct from the secretory inhibitor. 
Marked sugar and fat content of the intestinal 
chyme are the two outstanding stimuli for 
evoking this hormonal process. Enterogastrone 
exerts its influence against the peptic as well as 
the acid cells, regardless of whether the secretion 
is induced initially by histamine or by vagal 
stimulation. 

Urogastrone. A substance with essentially the 
same physiologic properties as enterogastrone 
has been isolated from urine of both males and 
females under a variety of conditions, and this 
has been designated urogastrone. It seems 
probable, however, that these two inhibitors 
do not have a common origin and that urinary 
output of the latter may be related to pituitary 
activity. 


EFFECT OF MISCELLANEOUS CHEMICAL SUBSTANCES 


In the foregoing analysis of stimulating and 
inhibiting mechanisms reference has been made 
to a few pertinent chemical agents but there are 
many others, pharmacologic and dietary, which 
are of special interest to the clinician. Many of 
these are used as stimuli for the testing of gastric 
secretory function, and clear understanding of 
their activity in terms of these mechanisms is 
important. 
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HMstamine and Its Analogues. ‘This compound 
and some of its derivatives recently synthesized 
(e.g., 3-beta-aminoethylpyrazole) are classified 
as secretagogues. Administration is parenteral, 
but oral ingestion is effective in high dosage. 
These are the most potent stimuli of gastric 
secretion known today, and it is suggested that 
histamine of endogenous origin may play a 
special role in relation to gastric secretion. 

Ethyl Alcohol. When ingested in high con- 
centrations (e.g., above 80 per cent), this sub- 
stance acts chiefly or solely as a mucigogue- 
desquamating agent but in dilute solution it 
functions as a true secretagogue, giving juice of 
high acidity and low pepsin content. These 
effects become manifest whether ethyl alcohol 
enters the blood stream directly or by absorp- 
tion in the stomach, intestine or rectum. There 
is some evidence that alcohol operates only in- 
directly, by release of histamine in the lungs, 
but this awaits confirmation. 

Pilocarpine, choline, acetylcholine and mecholyl all 
act as vagomimetic agents. They stimulate the 
gastric glands to produce acid, pepsin and 
mucus even when the mucosa has been de- 
prived of its vagal innervation, and are pre- 
sumed to act at the residual neuroglandular 


junction. 


Insulin falls in a different category from the 
vagomimetic agents. It is also effective following 
intravenous injection but only, as a rule, if the 
blood sugar level is reduced to 50 mg./100 ml. 
or less. This results in central stimulation of the 
vagus and a typical neural phase response of the 
gastric glands, which can be prevented by the 
simultaneous intravenous injection of glucose, 
complete vagal transection or atropinization 
(at least in part). 

Certain amino acids (e.g., B-alanine) and 
barbituric acid derivatives (e.g., 3, 3-dimethylallyl 
barbituric acid), synthesized during recent 
years, have been reported as being direct vago- 
centric stimuli, without intermediation of a 
hypoglycemic state. Confirmation of such 
activity has been difficult, however, particularly 
for those new compounds which have a high 
degree of toxicity. 

Caffen administered parenterally or orally is a 
stimulus to gastric secretion in man and cats 
but the dosages required are relatively higher 
than for histamine. In dogs a response is not 
elicited at all unless the dosage be of the order 
of 2,500 mg. Classification of its mode of action 
is impossible as yet. Since the response is en- 
hanced synergistically by histamine or alcohol 
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and is diminished by vagotomy, it may be that 
the drug affects gastric secretion by way of its 
general stimulating effect on the central nervous 
system. 

Atropine and other anti-cholinergic blocking 
agents exercise an inhibitory action against 
vagal and vagomimetic stimuli, as already 
described. Atropine also interferes with the 
secretory response to histamine and to alcohol 
but interpretation of this awaits clarification of 
the synergistic relation between these secreta- 
gogues and vagal influences. 

Banthine is another anticholinergic drug which 
reduces the response of parietal and zymogen 
cells to neural stimulation. It differs from 
atropine, however, in possessing a dual site of 
action: (1) at the neuroglandular junctions, and 
(2) at the ganglia of the parasympathetic (and 
also the sympathetic) nervous systems. Its 
potency as an inhibitor, relative to that of 
atropine, is still a moot question, largely be- 
cause of a quantitative difference in side reac- 
tions which permits a one hundred fifty-fold 
difference in dosage by oral administration. 

Inorganic acids, especially when administered 
parenterally, tend to reduce gastric secretory 
function in response to any of the usual stimuli— 
drastically, if the stimulus be vagal; relatively 
little, if it be secretagogue. In fact, any experi- 
mental situation which tends to lower the CO», 
tension of the blood, even without a change in 
its pH, exerts this inhibitory effect. It may well 
be that such acid-base influences on gastric 
secretion operate not as pharmacologic agents 
in the usual sense but in relation to the supply of 
CO, which they afford to the parietal cell for 
its production of HCl in conjunction with 
carbonic anhydrase. 

Alkalies, as might be expected from the fore- 
going, tend to stimulate secretion. This has 
given rise to the concept of an acid rebound which 
is said to occur some hours following the inges- 
tion of NaHCOs, after its intragastric neutraliz- 
ing action has already been effected and its in- 
fluence on the acid-base balance of the body 
generally has become manifest. 

Meat extractives, liver concentrates and the like 
all are powerful secretagogues, as has already 
been discussed, and for this reason were com- 
monly used as stimuli before histamine became 
commercially available. 

Fats, in general, exercise an inhibitory effect 
by way of the enterogastrone mechanism. 
However, in the late stages of their action, after 
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they have been digested and saponified, they 
exert a stimulating action—perhaps as secreta- 
gogues, although this has not been clearly 
established. Fatty acids administered directly 
also exercise such a stimulating action. 

Carbohydrates as a rule manifest no stimulating 
or inhibiting action on the stomach. 

Oatmeal gruel merits special mention because 
of its classic use as a testmeal or stimulus for 
clinical testing of secretory function. Its freedom 
from pleasant odor and taste, especially when 
prepared without salt, excludes its acting by way 
of the vagal mechanism, and the speed of its 
action suggests that its influence as a contributor 
of secretagogues by way of the intestinal phase 
is probably not very pronounced. This leaves 
only the hormonal mechanism, and it is most 
likely that gruel operates by way of gastric dis- 
tention and consequent evoking of the gastrin 
mechanism. 

Condiments generally act as stimuli but this 
occurs indirectly by way of the taste apparatus 
and therefore involves only the neural mecha- 
nism. The essential oils, such as oil of cloves and 
of peppermint, when administered topically in 
sufficient amounts act as mucigogue-desquamat- 
ing agents but not as stimuli to acid secretion. 

Coffee, defatted cocoa and so forth are stimuli in 
part by way of the gustatory-vagal reflex, in 
part by way of their caffein content. 


CONCLUSION 


The foregoing presents a unified picture of 
the most important physiologic processes in- 
volved in gastric secretion. Limitation of space 
has necessitated omission of some items of 
clinical interest, such as absorption in the 
stomach, the ranges of variation in gastric 
acidity associated with different disease states 
and the causes of these group differences, and 
the various systemic effects of total gastrectomy. 
In spite of the omission of these items and of 
much detail about those topics which have been 
discussed, this picture has already demonstrated 
its value as a background for the physiologic 
interpretation of major gastric disorders and 
many of the test procedures and therapeutic 
measures employed in their management. An 
attempt has been made to differentiate con- 
firmed from unconfirmed observations, and 
both of these from hypotheses. These differentia- 
tions in scientific methodology are highly im- 
portant and the clinician no less than the in- 
vestigator should keep them in mind constantly. 
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ELIABLE methods for the quantitative 
measurement of gastrointestinal func- 
tion are needed to measure the degree 

of impairment which characterizes or accom- 
panies disorders of the gastrointestinal tract. 
At present we possess technics for the analysis of 
normal and disordered gastrointestinal function 
which are rudimentary when compared, for 
example, with the highly refined methods avail- 
able for investigation of renal and cardiopulmo- 
nary function. The variety of processes in the 
gastrointestinal tract makes precision difficult 
but it must be admitted that this does not alone 
explain the paucity of dependable methods and 
measurements. 

It is the purpose of this review to summarize 
such quantitative tests as are now in use, to 
define their value and to indicate the need for 
further development. The present review deals 
only with the gastrointestinal tract proper and 
the pancreas. The liver and biliary system do 
not fall within its scope. 

For the purpose of this analysis the complex 
and synchronized processes of digestion will be 
considered schematically in three functional 
groups: (1) secretory, (2) transport and (3) ab- 
sorptive. The tests to be evaluated will be con- 
sidered in these terms. It should be clearly 
recognized that function tests have only limited 
significance. They furnish little evidence of 
structural alteration, are of limited diagnostic 
value and have little etiologic significance. 


I. SECRETORY TESTS 
Tests of Gastric Secretory Function 


The study of the secretory function of the 
gastric mucous membrane has centered almost 
exclusively upon the secretory products ob- 
tained directly by aspiration of the stomach. 
The difficulties of obtaining the pure products 
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of gastric secretion by gastric tube aspiration 
are apparent. For one thing, there is contamina- 
tion of the gastric juice by swallowed saliva and 
regurgitated material from the small intestine 
(succus entericus, bile and pancreatic juice). 
The introduction of test meals into the stomach 
leads to further contamination. Moreover, 
quantitative study of gastric secretion is difficult 
because of loss of juice by gastric emptying. 
However, these defects can be minimized. A 
dental saliva collector and careful instruction 
of subjects will reduce salivary contamination. 
Aspiration of intestinal contents along with 
gastric juice through a double-lumen tube will 
reduce intestinal regurgitation.! The dye dilu- 
tion indicator technic with test meals offers a 
method for estimating the proportion of secre- 
tion and test meal present in each sample of 
gastric contents? although there are inherent 
difficulties in this method, too. Finally, con- 
tinuous aspiration by mechanical suction, or 
very frequent intermittent suction, will reduce 
the amount of juice lost by gastric emptying. 
Tests of Parietal Cell Function. Most gastric 
tests depend upon the ability of the parietal cell 
to secrete hydrochloric acid. Since the forma- 
tion of acid has been presented in this series in 
considerable detail, few pertinent points need 
be recapitulated. HCl is secreted as a solution 
in concentration of approximately 165 mEq./L., 
nearly isosmotic with blood. Since ‘“‘pure”’ 
gastric juice is an admixture of this parietal 
juice with the non-parietal or alkaline compo- 
nent of mucous secretion, the concentration of 
HCl in a specimen of gastric juice is a function of 
the relative proportions of the two components. 
Archaic terminology and methods have per- 
sisted in regard to the measurement of HCl. 
Acidity is often reported in “clinical units” or 
“‘degrees.”” Since this number is equivalent to 
the milli-normal concentration (mN) or milli- 


* From the Gastroenterology Research Laboratory, Mount Sinai Hospital, New York, N. Y. 
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equivalents per L., and the latter designation is 
almost universally used in regard to the concen- 
tration of solutes in other body fluids, there is 
no reason why the outmoded terms should be 
retained, 

The conventional indicators for determining 
free and total acidity are Toepffer’s reagent 
(dimethylaminoazobenzine), which has it char- 
acteristic color change in the pH range 2.8-3.5, 
and phenolpthalein, which has its characteristic 
change in the range pH 8-10. Considerable 
improvement in rationale has been made by 
Hollander’s suggestion that pH 3.5 and 7.0 
should be used for determining free and total 
acid, respectively; the former corresponding to 
a solution with a free acidity of 1 mN, and the 
latter to physiochemical neutrality. For this 
purpose bromphenol blue and phenol red are 
quite satisfactory. When these are used as 
buffered standards with a micro-burette, speci- 
mens as small as 0.5 ml. can be titrated with an 
accuracy of +2 mN. Although the pH of the 
gastric juice can easily be determined with the 
glass electrode (and pH information is of value 
in relation to enzyme activity curves), the 
reliability of acid concentration when deter- 
mined titrometrically is considerably greater 
than when recalculated from a pH determina- 
tion. When color contamination prevents a 
colorimetric titration, electrometric titration 
can be substituted. 

Direct measurement of parietal cell function: In 
measuring parietal cell function the following 
questions are of physiologic and clinical inter- 
est: (1) Can a given patient secrete HCI? 
(2) What is the concentration and amount 
of HCl secreted during the physiologically 
significant phases of gastric secretion? (3) What 
is the response of a given patient to a standard 
secretory stimulus? (4) What is the maximum 
secretory capacity of the stomach of a given 
individual? 

Ability of the parietal cell to secrete HCl: The 
simplest test of parietal cell function, i.e., 
whether a given stomach can secrete any HCl 
at all, has some clinical importance. The diag- 
nosis of Addisonian pernicious anemia is in- 
compatible with secretion of HCl by the gastric 
mucosa. No authenticated cases of duodenal 
ulcer have been recorded without acid. Gastric, 
anastomotic and jejunal ulcer occur only ex- 
tremely rarely in the presence of achlorhydria. 

Histamine test: To test this function, the 
parietal cell should be stimulated by a substance 
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acting directly upon the cell and not upon an 
intermediate pathway. Histamine (6-imidazoly]- 
ethylamine), which can stimulate the isolated 
gastric mucosa in vitro and the stomach in the 
absence of its extrinsic nerve supply, is the drug 
of choice at present. Because of its side effects, 
predominately vascular, the upper limit of 
dosage is sharply limited; but 0.01 mg. of 
histamine base per kg. of body weight given 
subcutaneously is an adequate and tolerated 
dose. Since histamine base, histamine dihydro- 
chloride and histamine disphosphate have a 
molecular weight of 111, 184 and 307, respec- 
tively, the dosage of the commercially available 
products must be adjusted accordingly. Recently 
3-beta-aminoethy] pyrazole, an isomeric analog 
of histamine, has been used for testing parietal 
cell function,* since it stimulates acid formation 
with few side effects. Although enough clinical 
studies are not available for assessing this com- 
pound the early reports are encouraging. 

In performance of the histamine test the posi- 
tion of the tube should be checked fluoro- 
scopically and the response followed for at least 
one and one-half to two hours. It may be neces- 
sary to repeat the test several times to detect the 
secretion of small amounts of acid. 

In interpreting the histamine test one should 
also consider the significance of the ‘‘combined”’ 
acid. Thus if a small amount of acid is secreted 
in the presence of a large amount of mucus, no 
free acid but only combined acid may be found. 
The pH of this mixed fluid may also be helpful. 
Since mucus is secreted at a pH very close to 
that of blood and interstitial fluid, pH levels 
below 7 would indicate that some acid parietal 
secretion has been added to the mixture. 

In critical situations the failure of the mucosa 
to respond to histamine should be checked with 
other stimuli. Ihre* has shown that insulin hypo- 
glycemia occasionally will be more effective. 
Watkinson and Jones® have convincingly dem- 
onstrated that it may be necessary to perform 
gastric aspiration for many hours, and to use 
food as a stimulus for acid secretion in some 
individuals with gastric ulceration. 

Neutral Red Test. Neutral red appears in the 
juice of an actively secreting stomach following 
its parenteral administration and is believed by 
many investigators to be excreted by the parietal 
cell. Recent evidence indicates that this parallels 
the secretion of acid and is dependent on both 
the rate of acid secretion and the concentration 
of dye in the blood.® Accordingly, a large num- 
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ber of clinical observers have stressed its use as 
a test of parietal cell function, especially in 
achlorhydria. But several factors limit the value 
of this test. (1) Neutral red is cleared by the 
liver, appears in bile and can be regurgitated 
into the stomach, thus vitiating the test in some 
instances. (2) The appearance in gastric juice 
of a wide variety of basic dyes, (i.e., dyes whose 
cations are chromophoric), is not a proof of 
secretion since distribution of these dyes may be 
by passive diffusion depending on their pK’s.’ 
(3) Neutral red can be excreted in animals even 
when acid formation has been suppressed by 
distention.’ (4) The transport of neutral red 
from the blood through the parietal cell is a 
most indirect measure of whether the cell can 
secrete HCl. 

Tests of the phases of gastric secretion: A variety 
of gastric secretory tests have been devised in 
order to measure the concentration and amount 
of parietal secretion during the physiologically 
different phases of gastric secretion. The purpose 
of these is not only to set up standards for the 
range of normal values but also to determine 
whether derangements of specific phases of 
secretion occur in clinical disorders. 

The interdigestive or basal secretion is that secre- 
tion which occurs in the absence of all inten- 
tional and avoidable stimulation. Why the 
human stomach continues to secrete in the 
absence of overt stimulation is not known, but 
phasic vagal impulses are probably involved in 
the process. It is difficult to determine when a 
patient is in the basal gastric state but condi- 
tions similar to those for measuring the basal 
metabolic rate are usually employed. Bloom- 
field and his co-workers have stressed this 
measurement as “‘the simplest and most useful 
procedure in the study of clinical gastric 
physiology.”!° The interdigestive secretion has 
been studied for varying periods of time, day 
and night, in normal subjects, and in patients 
with duodenal and gastric ulcer.*!°~'* Lack of 
information regarding the reproducibility of 
such tests reduces the value of most reports. It 
is of interest that although there are marked 
differences in the absolute values obtained by 
different investigators, all observers agree that 
under standardized conditions the secretory 
rate in patients with duodenal ulcer is elevated 
above that of normal individuals or of those 
with gastric ulcer. 

Because of the difficulty of controlling night 
secretion in duodenal ulcer'®!® emphasis has 
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been placed recently on the nocturnal phase of 
interdigestive secretion. It is doubtful whether 
measurement of basal secretion at night gives 
much more valuable information than tests 
performed during the day.'* More studies of 
both aspects in the same patients are needed 
before the point can be settled. 

The digestive phases of secretion are conven- 
tionally divided into three groups depending on 
the site of origin of the stimuli causing secretion. 
While tests of the cephalic phase, elicited by sham 
feeding, are an attractive clinical possibility, 
the fragmentary published material on this 
phase in man excludes this at present. The 
intestinal phase is probably of minor significance 
for normal digestion and no tests of this phase 
have been developed. The most widely used 
clinical test of the gastric phase of parietal secretion 
is the Rehfuss test which measures the response 
to a carbohydrate meal (gruel, toast and tea, or 
arrowroot cookies and tea). Samples of gastric 
contents are aspirated at ten- to fifteen-minute 
intervals for one or two hours, and the concen- 
tration of free and total acid is determined as 
well as the amount of food residue. This crude 
test is usually justified as a rough method for 
estimating the work of the stomach. Since it is 
a weak stimulant of the parietal cell, this test 
cannot be used to answer the question whether 
the parietal cell can secrete any acid at all. Also, 
the introduction of a large volume of fluid 
dilutes the gastric juice secreted. The addition 
of phenol red as an indicator of dilution permits 
estimation of that fraction of the aspirated mate- 
rial due to test substance and that portion 
secreted. In actual experimental analysis signifi- 
cant errors arise from the absorption of water 
from hypotonic test meals under certain circum- 
stances.!? The only feature which recommends 
the Rehfuss fractional analysis at present is the 
large number performed.!® 

Serial test meal: An attempt to meet the limita- 
tions of the conventional fractional analysis has 
been made by J. N. Hunt!*® who used a non- 
digestible citrus pectin meal with a dilution 
indicator and aspiration of gastric contents at 
fixed intervals on successive days. After demon- 
strating that the pattern of gastric emptying of 
this meal was exponential, he was able to calcu- 
late the amount of acid secreted during the test 
meal. This test has not been applied to clinical 
disorders and awaits evidence that gastric 
emptying in these states also follows some linear - 
pattern. 
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Response of the parietal cell to a standard parenteral 
stimulation: Histamine: Because of the limitations 
of the test meal technic the response of the 
human stomach to parenteral stimuli has been 
studied extensively. It is disappointing, there- 
fore, to observe that although histamine has been 
used for many years there are few good quanti- 
tative data on the response to this drug. The 
data of Ihre?’ and Levin et al.!* for one-hour 
continuous aspiration of the stomach following 
fixed doses of histamine are among the satis- 
factory studies. Unfortunately, Pollard’s exten- 
sive data of 988 cases record only the maximum 
ten-minute period of secretion.” All observers, 
despite differences in absolute values, are in 
agreement that duodenal ulcer patients secrete 
more acid than do normal or gastric ulcer 
patients. Diagnostic use of this procedure is 
limited by lack of information about reproduci- 
bility of results from day to day. Ihre, who per- 
formed two to five tests on thirteen subjects, 
noted variations up to 25 per cent in regard to 
volume of juice secreted. 

Insulin: Insulin-induced hypoglycemia is a 
feasible parenteral stimulus but entails discom- 
fort for the subject as well as frequent blood 
sugar determinations. The carefully collected 
data of Ihre* and Chinn et al.” are the only 
available information at present. 

Maximum secretory capacity: The side effects of 
histamine prevent the determination of maxi- 
mum secretory capacity, a measurement which 
could be used in determining the functional 
secretory reserve of the stomach. An approach 
toward this problem has recently been made 
by W. I. Card and his co-workers** who have 
attempted to measure “secretory cell mass’? by 
extrapolating from histamine dose-response 
curves. Their unpublished studies suggest that 
differences in acid output in different stomachs 
may be related mainly to differences in parietal 
secretory cell mass. Obviously important if 
confirmed, this type of analysis is a step in the 
right direction. 

Indirect measurement of parietal cell function: The 
attempt has been made to measure the secretion 
of HCl indirectly without intubation by using 
an exchange quininium cation resin which 
interacts in the stomach with HCl to form 
quinine hydrochloride, some of which is ab- 
sorbed and excreted in the urine.”* Interpreta- 
tion of this test depends on the detection of the 
quinine in the first and second hour urine 
collection periods. In most cases the decision as 
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to presence of HC] is easily made but in individ- 
uals with small amounts of the compound in 
the second hour specimen of urine quantitative 
measurement is needed. Other cations (Na, K, 
Ca, Mg) present in gastric and intestinal juice 
may react as well as Ht. Since the method 
measures only free HCI and is not a quantitative 
measure, it seems most useful as a screening 
method for mass use. 

Summary of parietal cell tests: (1) Histamine is 
the drug of choice to determine whether an 
individual can secrete any HCl but it may be 
necessary in critical situations to use neural 
(insulin) and humoral (food) types of stimuli, as 
well as to lengthen the period of observation 
beyond the conventional one-hour study. (2) 
Quantitative measurement of basal secretion 
is the simplest test of level of functional activity 
presently available. Much more evidence re- 
garding reproducibility in large groups of indi- 
viduals is needed. It should be noted that in all 
tests investigated, the rate of secretion of HCl 
is markedly elevated in the duodenal ulcer 
subject above the normal or the gastric ulcer 
subject. This is usually ascribed to vagal hyper- 
function but without full proof. 

Tests of Gastric Enzyme Function. Peptic cell 
tests: Of the several gastric enzymes only pepsin 
has been studied intensively. The adaptation 


.of the pepsin method of Anson and Mirsky to 


gastric juice’> and the use of commercially 
available lyophilized bovine hemoglobin for the 
substrate”® furnish a satisfactory method for 
determining pepsin activity. 

Most clinical studies have dealt only with the 
concentration of pepsin in juice obtained in the 
fasting state’ or following histamine?*® and no 
significant differences have been found by most 
observers between normal subjects and those 
with ulceration of the stomach and duodenum. 
Only in the large series of Vanzant and her co- 
workers,”® who studied pepsin concentration 
following an arrowroot cookie meal, were there 
significant differences between normal subjects 
and duodenal ulcer patient; but in this study 
there were individuals without ulcer who had 
markedly elevated concentrations. 

A more significant measurement is the de- 
termination of the rate of secretion (output per 
unit time) of pepsin. Histamine is not a suitable 
test since it is a doubtful stimulant for pepsin. 
The studies of Ihre* indicate that insulin can be 
used for this purpose but requires several blood 
sugar determinations as well as vagus nerve 
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continuity. Measurement of basal secretion of 
pepsin, in the same way that basal secretion of 
acid has been studied, recommends itself as a 
simple method for determining peptic cell 
activity. The studies of basal secretion of pepsin 
output by Ihre’ (during twenty-minute periods), 
Janowitz and Hollander (during three-hour 
periods) and Chinn et al.?? (during twelve-hour 
nocturnal tests) all indicate significant elevation 
above the normal in duodenal ulcer patients 
despite some overlap in range of values. 

Urinary pepsinogen: Convincing evidence indi- 
cates that the peptic cell secretes pepsinogen 
both into the lumen of the stomach and into the 
blood stream, from whence it is excreted in the 
urine. During basal secretion there is a direct 
relationship between the two fractions, approxi- 
mately 99 per cent of the pepsinogen going into 
the stomach, 1 per cent into the blood and 
finally into the urine.*® Urinary pepsinogen can 
thus be used as a measure of gastric peptic secre- 
tory activity and two groups of investigators 
have furnished evidence of its excretion in nor- 
mals and in a variety of clinical conditions, 
especially peptic ulcer. I. A. Mirsky and co- 
workers*! studied a group of twenty-seven 
healthy males in whom the range of values for 
the log hourly rate of uropepsin excretion 
(units/hr.) during overnight urine collection 
was from 0.00 to 0.97, with a mean of all values 
at 0.48. In thirty males with benign gastric and 
duodenal ulcers the “night” urine log hourly 
rate of excretion varied from 0.26 to 1.55, with 
a mean of 0.76 (twice that of the normal). Nine 
pernicious anemia patients had no _ urinary 
pepsin. In fourteen miscellaneous patients, who 
included five with functional complaints and 
five with gastric carcinoma, the values were in 
the normal range. In Janowitz, Levy and Hol- 
lander’s series** of forty-four normals of both 
sexes without diseases of the upper gastrointes- 
tinal tract, studied during three-hour basal 
periods, the range of hourly rate of uropepsin 
excretion in units/hr. was 0-136, with a mean 
of 47 (SD mean +6). Thirty-five patients with 
duodenal or stomal ulcers excreted 114-373 
units/hr., with a mean of 180 (+12). Seven 
pernicious anemia patients excreted no pep- 
sinogen, as did one patient with a total gas- 
trectomy. Five patients with gastric ulcer and 
seven with gastric neoplasm gave results within 
the normal range of values. In both series 
urinary pepsinogen excretion was clearly ele- 
vated in active duodenal ulcer. While this 
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approach has been exploited only for a com- 
paratively short time, it offers a supplement to 
conventional technics. In patients with gastro- 
intestinal bleeding or those with anastomotic 
gastrointestinal operations (where obtaining 
gastric secretion free of regurgitated intestinal 
contents is a practical impossibility), the indirect 
approach possesses advantages over gastric 
aspiration. 

At present the basal rate of pepsin secretion 
is a satisfactory direct way of measuring the 
level of peptic cell activity. Urinary pepsinogen 
determination offers a supplementary approach. 
Both require further confirmation and extension. 
Other enzymes present in the gastric secretions 
do not at present furnish the basis for any quanti- 
tative tests of gastric secretory activity. 

Tests Based upon the Non-Parietal or Alkaline 
Component. The alkaline component as a whole: The 
non-parietal or alkaline component includes the 
mucous secretion of the stomach with its in- 
organic and polysaccharide constituents which 
dilute and neutralize the acid component. This 
secretion has been measured by means of an 
acid reduction or neutralization test in which 
the ability of the stomach to reduce the acidity 
of instilled HCl solution is determined by 
periodic sampling similar to the conventional 
fractional test meal. This crude technic has 
revealed marked differences between duodenal 
ulcer subjects and normal controls. Following 
Hollander’s analysis of the relation of acidity, 
neutral and total chlorides in acid gastric juice 
of pouch dogs,** J. N. Hunt!® developed a 
method for estimating the amounts of non- 
parietal and parietal components in a sample of 
gastric juice. His evidence indicates that the non- 
parietal component considered as a whole, as 
well as the parietal component evoked by insulin 
and histamine, are elevated above normal levels 
in peptic ulcer patients.** This characterization 
of the non-parietal inorganic components as a 
whole is a fresh approach but the underlying 
assumptions require confirmation. 

Organic components of gastric juice: Glass and his 
co-workers*® have measured the organic com- 
ponents of gastric juice in terms of their tyrosine 
content after differential precipitation. On this 
basis they have divided soluble mucus into two 
constituents: a mucoproteose derived from the 
surface mucous columnar cells, and a muco- 
protein ascribed to the mucoid neck cells. They 
have reported the range of values for these com- 
ponents in basal secretion, and following hista- 
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mine and insulin, in normals and in a variety 
of clinical categories. Clear-cut elevations of 
mucoprotein above normal were shown in sub- 
jects with duodenal ulcer, consistent with the 
increased secretion of all other components in 
these patients. Methods are urgently needed for 
measuring the carbohydrate moiety as well as 
the protein (tyrosine) content of mucus. 

Insulin Test of Vagal Continuity. Determina- 
tion of vagal intactness or interruption is of 
practical importance at present because of the 
continuing use of vagotomy in connection with 
many operations on the stomach for ulcer 
disease. Insulin induced hypoglycemia as the 
stimulus, and the measurement of free hydro- 
chloric acid as the gastric response (as formu- 
lated by Jemerin, Weinstein and Hollander*®) 
is the most practical and widely used test of 
vagal continuity. It is necessary to determine 
blood sugars during the test to be sure that 
values of 50 mg./100 ml. or less have been 
reached, and the ability of the mucosa to secrete 
HC] must be known in advance. A rise in con- 
centration of free HCl of 10 mN or more has 
been arbitrarily set as defining a “‘positive”’ test, 
one which indicates continuity of the vagus. In 
the presence of anastomotic operations the use 
of free HC] as the end point is complicated by 
the presence of considerable ‘“‘combined”’ acidity 
due to regurgitated intestinal juice. 


Intestinal and Colonic Secretion 


Quantitative data regarding the succus 
entericus, especially the secretion of Briinner’s 
glands of the first portion of the duodenum, 
would be useful for investigating possible defi- 
ciencies in these secretions in peptic ulcer but 
no quantitative measure of these secretions has 
yet been presented. 

The only measure of colonic secretory function 
used at present is the estimation of the fecal con- 
tent of the mucolytic enzyme, lysozyme. This 
enzyme, which lyses several strains of sapro- 
phytic bacteria including Micrococcus _lyso- 
deikticus and which hydrolyses a mucopolysac- 
charide extracted from this organism, is present 
throughout the entire intestinal tract and its 
secretions. Meyer and his associates*’ recently 
discovered that the fecal concentration of 
lysozyme and its twenty-four-hour excretion is 
enormously elevated in active ulcerative colitis. 
The lysozyme titer in this disease may exceed 
the normal range (0.1—1 unit/G wet stool) by 
a hundredfold. Convincing evidence indicates 


that these large amounts of enzyme are secreted 
locally by the diseased colon. However, the 
meaning of this altered lysozyme secretion in 
colitis is not yet altogether clear. The original 
hypothesis that lysozyme is an etiologic agent in 
colitis is supported by the evidence that the 
enzyme can damage the colonic mucosa under 
suitable experimental conditions.** In conflict 
with this hypothesis are the observations that a 
variety of infected and granulating human and 
experimental wounds, both in and outside the 
intestine, have a high lysozyme content; that 
lysozyme does not liquefy colonic mucus; that 
no substrate for the enzyme has been found in 
the human colon; and that the lysozyme con- 
tent of the colon can be correlated with the 
inflammatory reaction and granulation tissue 
present.** Lysozyme excretion in colitis may 
possibly represent a reaction to injury. 

The viscosimetric method for the enzyme 
assay is reliable and fairly rapid but requires a 
mucopolysaccharide substrate which is difficult 
to prepare. Since the excretion of lysozyme has 
been shown to parallel the clinical activity of 
the underlying ulcerative colitis,*® serial de- 
termination of lysozyme titers (twenty-four-hour 
excretion) may be useful in following the course 
of this disease. 


Tests of Pancreatic Secretory Function 


Secretin Test. Direct measurement of the 
external pancreatic secretion has been markedly 
advanced by the Lagerléf double lumen tube 
which separately aspirates the gastric contents 
and the duodenal contents up to the ligament 
of Treitz.4° The admixture of hepatic and 
biliary secretions in the second portion of the 
duodenum remains a problem but this is mini- 
mized when there is good reservoir function of 
the gallbladder. The use of this type of collecting 
tube and stimulation of secretion by the hor- 
mone secretin is the method of choice for pan- 
creatic secretory study. This test has not been 
widely used because of limited supplies of com- 
mercially available secretin preparations. Re- 
cently two varieties in potent form with mini- 
mal side effects have become available in this 
country. There is some question, however, as to 
their relative freedom from the enzyme- 
stimulating hormone, pancreozymin. This may 
explain some of the discrepancies in amylase 
output which have been reported by different 
observers. It should be remembered that secretin 
is a stimulus for secretion of water and bicarbon- 
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ate ions by the pancreas, whereas its action on 
pancreatic enzymes is a ‘‘washing out”’ rather 
than a true stimulating effect. 

All workers have used Lagerléf’s original dose 
of 1 clinical unit per kilo body weight (16 cat 
units) and have collected the pancreatic response 
for sixty to eighty minutes, usually 80; a dose 
which evokes a submaximal response in most 
individuals. Dreiling and MHollander*! have 
summarized the range and means of values in 
normal subjects for volume output, maximum 
HCO; concentration and amylase output in the 
four largest series of published reports.*°~** 
There is surprisingly good agreement for volume 
and bicarbonate responses—less satisfactory 
agreement for enzyme output. These authors’ 
values, especially their minima, furnish satis- 
factory standards for evaluating the secretin 
response in clinical disorders. 

The response to secretin is a function of 
secretory pancreatic mass and patency of the 
duct system. The concentration of bicarbonate 
ions varies with the rate of secretion so that its 
concentration can be expected to parallel the 
volume rate. 

In acute pancreatis transient abnormalities 
in secretin response occur, but at times when it 
is difficult to perform the test. In the small 
number of patients studied during the first two 
weeks of the illness some depression in the 
volume response and amylase output has been 
noted. Serial determinations during and follow- 
ing the acute phase may help to indicate whether 
these patients will go on to the chronic form of 
the disease or whether the acute phase has been 
an exacerbation of underlying chronic disease. 

In chronic pancreatitis most observers have 
found a depression in the secretin response, 
especially in the volume-rate and the bicarbon- 
ate concentration, with some diminution in 
enzyme output. However, good data for corre- 
lating the histologic appearance of the gland 
with its secretory output do not exist. 

In the only series of cases of chronic pan- 
creatitis in which the secretin test was compared 
with fecal analysis for nitrogen and fat (see 
below), the secretin test disclosed evidence of 
insufficiency of external secretion more often 
than did the fecal studies.**:* 

The alterations in response in pancreatic 
carcinoma depend on the extent of replacement 
of acinar tissue by tumor, the location of the 
tumor and the degree of obstruction of ducts. 
Carcinoma of the tail of the pancreas does not 
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alter the secretin response. Carcinoma of the 
head and body usually leads to reduction of the 
volume response with little change in the con- 
centration of the contents of the juice but the 
published cases are few. 

Biliary pigment response to secretin: Purified 
secretin stimulates the formation of bile by the 
liver, increasing its volume rate mainly by water 
secretion.*® The entrance of this augmented flow 
of bile into the duodenum interferes with quanti- 
tative collection of pancreatic juice but does 
furnish evidence regarding gallbladder reservoir 
function.‘’ Serial determination of the bilirubin 
concentration or the icterus index of successive 
duodenal specimens has been used as a test of 
gallbladder function and correlates well with 
radiographic study of the gallbladder. Several 
types of pigment concentration curves are 
known. One type occurs in the presence of a 
normal gallbladder which receives and concen- 
trates bile, so that the bilirubin content of some 
duodenal specimens falls to zero levels. In a 
second type there is a more or less continuous 
flow of bile into the duodenum because of a non- 
functioning gallbladder. In the third type no 
bile enters the duodenum because of complete 
biliary obstruction. A fourth type, indicative of 
incomplete biliary obstruction, has been de- 
scribed by Dreiling and Hollander*! and is 
intermediate between the first and second types. 

The pancreatic response to secretin and the 
pigment curve may help in the differential 
diagnosis of some cases of jaundice. Most patients 
with hepatitis have normal external pancreatic 
secretion.‘!:48 In the presence of jaundice an 
abnormal pancreatic response to secretin tends 
to favor lesions of the head of the pancreas. A 
normal pancreatic response with an abnormal 
biliary pigment curve tends to favor lesions in 
the biliary tree. The secretin test is not helpful 
in differentiating between intra- and extra- 
hepatic biliary obstruction.** Considerably more 
experience is necessary in order to evaluate this 
aspect of the secretin test. 

Indirect Tests of Pancreatic Secretion. Some as 
yet quantitatively undetermined portion of the 
pancreatic enzymes finds its way into the blood 
and ultimately into the urine. This “exocrine- 
endocrine”’ partition, similar to that described 
above for gastric pepsinogen, furnishes an 
indirect approach to the appraisal of pancreatic 
function .°° 

Serum concentration of enzymes of pancreatic origin: 
Amylase has been the most frequently determined 
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serum enzyme of pancreatic origin. The 
determination is now usually performed by 
some variant of the Somogyi method*®! which 
measures the amount of reducing sugars released 
from starch in terms of glucose equivalents. 
The normal values range from 80 to 125 mg./ 
100 ml. of serum. Amylase determinations have 
the obvious limitation that serum amylase is 
derived from several extrapancreatic sources 
(salivary glands and liver) and it is consequently 
difficult to interpret the quantitative signifi- 
cance of these serum levels. 

Marked but transient elevations of serum 
amylase occur regularly in the course of acute 
pancreatitis. No correlation can be made be- 
tween the degree of acute pancreatitis and this 
rise. It should be recalled that (1) rises may 
occur during the course of epidemic parotitis; 
(2) amylase can be absorbed from the peri- 
toneum following rupture of the stomach or 
duodenum; (3) morphine and codeine may 
elevate serum amylase by inducing spasm of the 
sphincters of the pancreatic ducts; (4) elevated 
serum amylase values may result from impaired 
ability of the kidney to excrete the enzyme.*? 
Although low values of the serum enzyme might 
be expected in destructive lesions of the pan- 
creas, determinations of amylase are usually not 
helpful in these conditions. 

Serum lipase: There are present in the serum 
at least two distinct esterolytic enzymes. One, 
an esterase, present also in liver and kidney, 
preferentially hydrolyzes esters of short chain 
fatty acids. The second, lipase, derived almost 
exclusively from the pancreas, hydrolyzes long 
chain fatty acids. At present the method of 
Cherry and Crandall®* is used most commonly 
to measure serum lipase. The fatty acids released 
when 1 ml. of serum is incubated with an olive 
oil emulsion for twenty-four hours are titrated 
with N/20 sodium hydroxide. In normal in- 
dividuals 1-1.5 ml. of alkali are required for 
this titration. In acute pancreatitis the rise in 
serum lipase may occur later than the amylase 
rise, but it is reported to persist longer. In 
carcinoma of the pancreas or in carcinoma of 
the ampulla of Vater lipase may be elevated 
more often than amylase, but this elevation 
depends on the degree of duct obstruction. With 
the replacement of functioning acinar tissue by 
neoplasm the serum value may return to normal 
or low levels.*4 

Perhaps a more recently described colori- 
metric method®® which uses beta-napthy] laurate 


as the substrate may increase the clinical value 
of lipase determinations. 

Proteolytic enzymes: There are no methods for 
measuring blood trypsinogen and chymotryp- 
sinogen in the presence of the proteolytic in- 
hibitors in the blood. It has been shown that 
these inhibitors are specific and are elevated in a 
variety of disease processes associated with 
cellular destruction.*® 

Following their experimental observation 
that intravenously administered trypsin resulted 
in a secondary and prolonged rise in the anti- 
thrombin titer of the plasma, Innerfield, Angrist 
and Benjamin*’ have noted similar marked 
elevations in antithrombin levels in patients with 
acute pancreatitis throughout the active phase 
of the disease. Their studies merit attempts at 
confirmation. 

Serum enzymes following pancreatic stimulation: 
The possibility of investigating pancreatic func- 
tion in terms of changes in blood enzyme 
activity following pancreatic stimulation has a 
good theoretic rationale. Clinically, however, 
the usefulness of this approach has not yet been 
securely demonstrated. For such a serum test of 
pancreatic function two clearly differential 
stimuli must be found: (1) In one instance the 
normal individual should respond with a repro- 
ducible rise in serum enzyme concentration and 
those with destructive lesions of the pancreas 
should fail to respond; and (2) a stimulus should 
be employed which elicits no rise in serum con- 
centration of enzymes in normal individuals but 
does elicit a rise in those whose duct systems 
have been obstructed by pathologic processes. 

To meet the first postulated case secretin, or 
secretin plus mecholyl, have been used in com- 
bination with morphine to produce sphincter 
spasm.°* To meet the second case secretin alone 
has been used and there is some indication that 
this is a promising approach.*® In both instances, 
however, the lack of uniformity in response or 
failure of response has proven a major obstacle. 
It may well be that a more effective combina- 
tion of stimuli will be found. The development 
of pancreozymin in a form suitable for adminis- 
tration to man will probably advance this 
approach considerably. 


II. TRANSPORT TESTS 


The methods for recording gastrointestinal 
intraluminal pressures and motor activity 
measure forces involved in the transport of 
material through the gastrointestinal tract but 
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do not furnish direct evidence of transport. To 
measure the rate of gastric emptying and the 
rate of movement of chyme through the small 
intestine primitive methods are still used. They 
depend either on mechanical markers or dyes 
which are given along with food or on the 
movement of barium through the gastrointes- 
tinal tract as recorded by roentgen examination 
with films or fluoroscopy. The time of appear- 
ance of the marking substances in the stool is 
only partly a function of their passage through 
the stomach and small bowel; it is also a function 
of the time of habitual bowel movement. In the 
second instance adequate standardization of 
the barium meal has usually not been practiced 
and this approach assumes that some relation- 
ship exists between transport of food and trans- 
port of barium. 

Gastric Emptying. Aspiration of the fasting 
gastric residum as usually performed furnishes 
only a very crude measure of the efficiency of 
gastric emptying since the volume recovered is a 
resultant of the rate of secretion and the rate of 
emptying. Testing the aspirated gastric contents 
during a gruel fractional test meal with iodine 
for starch furnishes misleading evidence in 
regard to emptying time. Radiographic ob- 
servation of the stomach after a barium meal is 
merely a qualitative measure of the amount of 
ingested barium present in the stomach. The 
attempt to quantitate the pattern of gastric 
emptying by J. N. Hunt with his serial test meals 
has already been described. 

Intestinal Transport. ‘The rate of movement 
of a barium meal furnishes the only current 
device for quantitative study of intestinal transit 
time. The variation in reported values reflects 
lack of standardization. To correct this Lénner- 
blad® recently studied gastrointestinal transit 
time with a barium meal of fixed composition, 
adjusting the volume of meal to the subject’s age. 
In 114 adults (eighteen to twenty-five years) 
receiving 200 ml. of meal the mean transit time 
was 178 minutes (range 38-549). In a recent 
unpublished study of twenty-four adults (ages 
sixteen to fifty-six) transit time of a 360 ml. 
barium meal ranged between two to six hours 
(mean of 3.4 hours). These findings in nor- 
mal individuals indicate the wide variations 
encountered. 

Insoluble carmine (0.6 G) is often given with 
a regular meal to measure the time required for 
the meal to traverse the entire tract. When we 
recently compared this method with the intes- 
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tinal transit time of barium, the carmine marker 
time in twenty-four normal subjects on a regular 
diet ranged from ten to forty hours (mean 
32 hours). The results showed no correlation 
with the barium time. 

Evaluation of the significance of altered small 
bowel transit time awaits the development of a 
more physiologic “‘tagged”’ meal but it is prob- 
lematic whether refinements in method will 
have corresponding clinical value. 


III. TESTS OF INTESTINAL ABSORPTION 


Two groups of tests are currently employed 
to measure intestinal absorption: (1) balance 
studies and (2) tolerance tests. In the balance 
studies the amounts of the major components of 
the diet ingested and excreted are measured 
over periods of several days to determine the 
net balance. This is time-consuming, costly and 
requires a high degree of patient cooperation. 
The. tolerance tests measure changes in the 
peripheral blood concentration of specific com- 
ponents of the diet following standard loading 
of the gastrointestinal tract. These changes are 
indices of absorption, do not furnish absolute 
values of the quantities absorbed, and are in- 
fluenced by mechanisms which remove them 
from the blood as well as absorb them. The two 
types of studies furnish complementary evidence. 
Practically, the tolerance tests find wider 
clinical application. 


Balance Study of Intestinal Absorption 


The balance method cannot be used to study 
carbohydrate absorption since an unknown 
portion of ingested sugars may fail to be ab- 
sorbed but may be destroyed by bacterial fer- 
mentation in the intestinal tract. 

Protein balance is measured in terms of nitrogen 
content of the stool which is in part nitrogenous 
products of the diet that have failed to be ab- 
sorbed, in part bacterial flora nitrogen, in part 
nitrogen secreted into the gut. Fecal nitrogen 
does not vary directly with the dietary protein 
but is related to the weight of the dry matter of 
the stool, which is composed in large part of 
bacterial flora. In the normal adult on an 
ordinary diet fecal nitrogen usually amounts to 
1 to 2 gm. daily. For acurate protein balance 
studies fecal nitrogen must be measured and the 
nitrogen of the diet should be determined. Al- 
though diarrhea per se does not markedly affect 
nitrogen excretion there may be a considerable 
loss of protein in the stool in patients with in- 
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flammatory diseases of the colon, in the form of 
exudate and blood. Increased fecal excretion of 
nitrogen in diffuse pancreatic disease has been 
reported by the majority of workers who have 
performed balance studies, values from 1.3 to 
16.8 Gm. of daily fecal nitrogen having been 
found.*® In a recent careful study of subjects with 
advanced pancreatitis*® the range of values for 
daily fecal nitrogen varied from 1.7 to 5.6 Gm. 
(mean 3.2). 

This feature has been stressed by Thayssen®! 
as differentiating pancreatic disease from the 
sprue syndrome but more recent studies suggest 
that the range of values for fecal nitrogen in 
sprue may be similar to that seen in external 
pancreatic insufficiency.®? 

Fat Balance Studies. Fecal fat, measured as 
all ether-soluble substances extractable from 
the stool, represents less than 10 per cent of the 
ingested fat on ordinary mixed diets. As in the 
case of nitrogen, this fecal fat does not simply 
represent unabsorbed dietary fat but is in part 
secreted fat. With marked increase in dietary 
fat intake there is a considerable increase in the 
amount of fecal fat. 

The partition of fecal fat into neutral fat and 
fatty acids has some qualitative significance 
since exclusion of pancreatic lipase from the 
intestine leads to an increase in neutral fat. This 
is not an absolute criterion for distinguishing 
pancreatic steatorrhea from other types, since 
some hydrolysis of fat can occur even if the pan- 
creas is destroyed or its ducts occluded. In celiac 
disease, tropical and non-tropical sprue, and in 
some cases of diffuse ileojejunitis, free fat as well 
as fatty acids may appear in large amounts. 


Tolerance Tests of Absorption 


Carbohydrate Tolerance Tests. The oral glucose 
tolerance test, (determination of the serial con- 
centration of blood glucose after the ingestion of 
either 1 gm. of glucose/kilo body weight, or a 
standard dose of 100 gm.) furnishes evidence of 
carbohydrate absorption, although the rate of 
gastric emptying, the previous diet of the patient 
and the mechanisms for removing glucose from 
the blood markedly influence the shape of the 
blood glucose curve. Curves of blood sugar con- 
centration which show less than a 40 mg. per 
cent rise are usually considered as ‘‘flat’? and 
interpreted as evidence of defective absorption. 
In celiac disease, sprue and some cases of diffuse 
regional enteritis, flat oral glucose curves are 
regularly found, although intravenous ad- 
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ministration of glucose usually gives the ex- 
pected rise. In patients with subtotal-gas- 
trectomy the blood glucose curve may have an 
early peak followed by a sharp drop to hypo- 
glycemic levels.® 

An oral galactose tolerance test has been used 
by Althausen** who followed the blood concen- 
tration of galactose after an oral dose of 40 gm. 
in 400 ml. of water. In normal individuals the 
range of maximum concentration was 13 to 
31 mg. per cent (mean 19). Diminished values 
have been found following intestinal resection, 
as well as abnormally high values (above 40 mg. 
per cent) in hyperthyroidism and Paget’s 
disease; the last finding has not been generally 
confirmed. 

Xylose tolerance test: The pentose, D-xylose, has 
also been used as a test substance in measuring 
absorption of monosaccharides, since D-xylose 
may be absorbed through a process of phos- 
phorylation, and is excreted by the kidney where 
it is reabsorbed only to a very limited extent. 
Twenty-five gm. are administered in water and 
the five-hour urine output collected.* Normal 
individuals excrete between 4 and 6 gm. in this 
time, and sprue patients (only a small number 
have been studied) excrete between 1 and 
2.5 gm.®* Considerably more experience with 
both the galactose tolerance test and the xylose 
excretion test is needed before evaluation of 
their place can be made. 

Protein tolerance tests: Several tests have been 
devised to measure the ability of the intestine 
to absorb individual amino acids. Most of 
these, however, have had only a very limited 
clinical trial. The blood concentration of alpha- 
amino nitrogen has been measured following 
an oral test dose of glycine (1-1.7 gm/kilo) in 
normal subjects and in infants with celiac 
disease and cystic fibrosis of the pancreas,® and 
in patients with massive resection of the small 
bowel.®* Following a dose of 1 gm. of DL 
methionine/15 kilo body weight, the blood 
concentration of L-methionine has been studied 
by a microbiologic method® in a few clinical 
disorders involving diminished absorption. A 
gelatin tolerance test has been proposed which 
depends on both the pancreatic digestion of 
gelatin and the subsequent absorption of re- 
leased amino acids. When 1.25 to 1.75 gm. of 
gelatin/kilo are fed, normal infants are reported 
to have rises of 6 mg. per cent of blood amino 
nitrogen, while infants with cystic fibrosis of the 
pancreas have “‘flat” curves.®” 
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Lipid Tolerance Tests. Butter fat tests: Based 
upon the method of Nissen’? in which total 
serum lipids are measured at intervals after the 
administration of 1 gm. of butter fat (given as 
heavy cream) per kilo body weight, Adlersberg 
and co-workers”! have reported that four hours 
following the ingestion of 1.2 cc. of heavy cream 
(40 per cent fat content) /Ib. body weight, sprue 
patients did not manifest the normally expected 
rise. Althausen®* and his co-workers have used a 
butter tolerance test based upon turbidimetric 
determinations of the serum followed for periods 
of six hours after the oral administration of 
60 gm. of butter. This has been applied to a few 
patients with massive resection of the intestine. 

Vitamin A tolerance tests: Since vitamin A is fat 
soluble, it has been extensively used as a test 
substance following the discovery that its ab- 
sorption is impaired in celiac disease. This has 
been extended to the study of cystic fibrosis of 
the pancreas and the sprue syndrome. At present 
the vitamin A tolerance test is a standard 
technic for investigating fat absorption. 

As routinely performed either 7,500 I.U. of 
vitamin A per kilo (Althausen®) or 3 cc. of 
percomorph oil, 180,000 I.U., (Adlersberg’') 
are given by mouth, and the fasting and 4 hour 
plasma levels of vitamin A determined. Sprue 
patients regularly display flat curves with only 
a slight tendency for delayed rise. The use of 
water-miscible preparations gives higher values 
in normals but does not affect the general shape 
of the curve.’” Although its clinical use is firmly 
established, the role of tissue stores and deple- 
tion in removing vitamin A from the blood is 
not yet understood. The flat curves in severe 
hepatic disease may represent impaired reserves 
and/or interference with intestinal absorption.”* 

Chylomicrographs: Following a fatty meal there 
is an increase in the number of bright particles 
of the peripheral serum seen with dark-field 
illumination. The curve of these chylomicrons 
following a standard fat meal has been used as a 
measure of fat absorption. As performed by 
Frazer and Stewart”* peak counts of 150 particles 
per microscopic field are found in normal in- 
dividuals, with variations depending on body 
build. Flattened curves have been reported in 
sprue by these workers. 


IV. CONCLUSIONS 


The preceding catalogue of current gastro- 
intestinal tests reinforces the original statement 
of their limited nature. 
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Histamine can be used to determine whether 
a subject can secrete any hydrochloric acid. 
The level of parietal and peptic cell activity may 
be estimated from their output of acid and 
pepsin under basal secretory conditions. The 
determination of urinary pepsinogen offers a 
supplementary indirect approach to peptic cell 
function. A start has been made toward measur- 
ing the alkaline components of gastric juice. 
The insulin test can be used to determine the 
continuity of the gastric vagal innervation. 

The excretion of lyzozyme parallels the 
clinical course of chronic ulcerative colitis. 

The external secretion of the pancreas can 
be measured with some accuracy by means of 
the secretin test. The determination of pan- 
creatic amylase and lipase activity in the blood 
is useful during the course of acute pancreatitis. 
Indirect measurement of pancreatic enzyme 
secretion by means of blood enzyme activity 
following pancreatic stimulation has not yet 
been satisfactorily established. The biliary pig- 
ment response to secretin is a fairly reliable 
measure of gallbladder function. 

Only exceedingly primitive methods are 
available for the study of intestinal transport. 

We possess an over-all method of considerable 
precision for studying intestinal absorption in 
the balance technic but this is not applicable to 
carbohydrates. Tolerance tests afford some index 
of absorption of the major components of the 
diet. 
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Conference on Therapy 


Treatment of Obesity 


HESE are stenographic reports of conferences by the members of the Department of 

Pharmacology and of Medicine of Cornell University Medical College and New 
York Hospital, with collaboration of other departments and institutions. The questions 
and discussion involve participation by members of the staff of the college and hospital, 
students and visitors. A selected group of these conferences is published in an annual 
volume, Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. GEORGE READER: Today we discuss the 
treatment of obesity, a problem faced by many 
of us every day. Dr. Robert Melchionna will 
open the discussion. 

Dr. Rospert MELCHIONNA: The physician 
accepts the treatment of obesity with an apology, 
for there is no entity in medicine in which the 
burden of treatment is more completely re- 
verted to the patient. The success of treatment 
will depend to a large extent upon how well the 
patient understands his problem and upon how 
he accepts his responsibility. 

The importance of obesity as a contributory 
cause of serious systemic disorders is well 
recognized. While the average layman con- 
siders excess weight undesirable for esthetic 
reasons, the doctor sees it as a predisposing fac- 
tor in arteriosclerosis, heart disease, hyperten- 
sion, certain other peripheral vascular diseases, 
metabolic disturbances such as diabetes, gall- 
bladder disease and many other illnesses. The 
significance of obesity is perhaps best seen in 
some of the life insurance company statistics, 
which clearly show that overweight is a serious 
hazard to health and life itself. These figures 
indicate that the optimal weight is 5 to 14 per 
cent less than the average weight.The so-called 
“‘average weights” are misleading in their im- 
plications. Many overweight people were in- 
cluded in the derivation of such averages, so 
that they cannot be taken as the optimal or 
normal values. A person normally will gain 
weight until the age of twenty-five or thirty. 
Thereafter the weight should decline slowly, 
until at sixty years the weight should be about 
10 per cent less than that at thirty. Actually the 
reverse usually occurs, the weight climbing 
steadily through the middle years as fat is 
accumulated. 

For the sake of completeness, rather than for 
discussion, the usual classification of obesity may 
be mentioned. First, exogenous obesity which 


is attributed to overeating and _ insufficient 
exercise; and second, endogenous obesity which 
is due to some inherent abnormality inducing a 
drop in the caloric consumption of the body. 
Often mentioned in this latter group are con- 
stitutional or hereditary factors, hypothyroid- 
ism, hypogonadism, adrenal cortical tumors, 
diabetes mellitus, hyperinsulinism, tumors of the 
pineal body, hypertrophy of the thymus, Froeh- 
lich’s syndrome (dystrophia adiposo-genitalis), 
Laurence-Moon-Bied! syndrome, Cushing’s syn- 
drome, Dercum’s disease, diseases of the brain 
and meninges, and lipodystrophia progressiva. 
As can be seen, practically all the endocrine 
glands are represented in this listing. Abnormali- 
ties of the endocrine system which affect adipose 
tissue are more intimately related to the dis- 
tribution of body fat rather than to excessive 
accumulation of it. Actually, few obese. indi- 
viduals fall into the true endocrinopathic group, 
perhaps less than 3 per cent of the total. This is 
contrary to general opinion which blames all 
excess fat on “‘glands.” 

A detailed history, thorough physical ex- 
amination and some laboratory investigation 
must be performed in every case of obesity to 
determine the presence of any of these endo- 
genous factors or indeed of any of the diseases 
which often accompany obesity. These studies 
are not of primary concern in the actual 
therapy of obesity. Whether an endocrinopathy 
is present or not, overweight is fundamentally 
due to a disproportion between the caloric 
intake and the caloric consumption. No indi- 
vidual can escape the laws of energy conserva- 
tion. But the physician must search for other 
diseases which will require specific treatment. 
In a patient with hypothyroidism with obesity, 
for example, the tribulations of losing weight 
will be eased, and of course the patient’s general 
health improved, by simultaneous attention to 
the thyroid disorder. 
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Now in regard to treatment, I should like to 
consider simple psychotherapy, diet, medica- 
tions and exercise. Proper attention is not 
ordinarily paid to the psychologic factors in 
obesity. It is important to know why the patient 
came for treatment, whether it was for esthetic 
reasons, from fear or because of some bodily 
symptom. These points will affect the strategy 
of treatment. Then one must determine the 
psychologic problems influencing the appetite. 
They are often deep-seated and not easy to 
uncover. The normal appetite adjusts the intake 
of food so accurately that it just meets, but does 
not exceed, the requirements of energy expendi- 
ture. When an emotional disturbance arises, 
this adjustment may lose its delicacy and obesity 
develops. The patient may be dissatisfied with 
his occupation and find distraction at his meal 
hour, during which he gorges himself with food 
and perhaps two or three cocktails. Or the 
patient may be a middle-aged woman whose 
children have married and are off by themselves 
and who now perhaps is lonely and finds her 
husband inattentive. She may turn to eating 
as a source of distraction and pleasure. 

Indulgence in food often brings a respite from 
emotional problems and a large proportion of 
obese patients have some definite emotional 
problem. This must be helped if a lasting result 
is to be obtained. It is usually not necessary to 
refer these patients to a psychiatrist if the in- 
ternist adopts an understanding, sympathetic 
and helpful attitude. On occasion, however, the 
psychosomatic factors are deep-seated and in- 
tangible. The patient develops an extreme 
pathologic craving for food which simulates 
that of the chronic alcoholic for drink. 

A variety of reduction diets has been proposed 
but none possesses any unique virtue. The 
dietetic indication is simply to decrease the 
total fuel intake without destroying the proper 
balance of the ration or depriving the body of 
vitamins and minerals. The diet should contain 
a liberal daily allowance of protein, a minimum 
of 1 gm. per kg. of the estimated normal weight. 
Proteins are readily utilized, they have the 
greatest specific dynamic action and are said to 
stimulate thyroid activity. Concentrated carbo- 
hydrates, such as sugars and breadstuffs, and 
fats must be restricted. Diets, therefore, should 
exclude or minimize the use of rice, bread, 
potato, macaroni, pies, cakes, sweet desserts, 
free sugar, candy, cream, etc. They should con- 
sist of moderate amounts of meat, fish, fowl, 
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eggs, cheese, coarse grains and skimmed milk. 
Generous amounts of fresh fruits, fruit juices, 
unsweetened stewed fruits and raw and cooked’ 
green vegetables can be allowed. Diets of this 
type contain adequate amounts of minerals and 
of water-soluble vitamins. Supplementary vita- 
mins, particularly the fat-soluble vitamins in- 
cluding A and D, should be given to insure the 
patient against any deficiency. 

There is no rule as to the total number of 
calories prescribed in the diet. Most authorities 
recommend that the total calories be arranged 
to induce a weight loss of 114 to 214 pounds per 
week and suggest diets varying from 300 to 
1,600 calories. This, of course, depends upon 
the size, occupation and other activities of the 
patient and is subject to wide variation. For the 
average city dweller whose occupation is 
sedentary and whose hobbies are moderate, 
diets varying from 800 to 1,200 calories usually 
work out well. 

Some strategy must be exercised in prescribing 
a diet to individuals who have repeatedly “‘tried 
dieting” and have failed to lose weight. In 
such instances it is encouraging to the patient 
to start with a very low calorie diet to induce a 
sharp weight loss. Later adjustments can be 
made so that they are losing more conserva- 
tively. Often it is useful to prescribe definite 
menus, changing them at frequent intervals. 

If a patient successfully adheres to some such 
dietary regimen for about four weeks and experi- 
ences the benefits of weight loss, his subsequent 
course is usually satisfactory. In other words, it 
takes about one month to re-educate the appe- 
tites of most obese patients, beyond which they 
cooperate with much less effort. 

It is good psychology in some to set a goal for 
the patient with relation perhaps to the waist- 
line, or the number of pounds to be lost over a 
given period, or the size of the clothing. De- 
termination can be encouraged in a female if 
her doctor makes the comment that he wants 
to see her weight down to where she can wear a 
size 14 dress. It gives her the feeling that he 
really understands her problem. 

The so-called lipophilia, the tenacity with 
which mobilization of fat is resisted, is associated 
with a tendency to retain water and salt. 
Accordingly, some clinicians believe that the 
reduction of salt and fluid intake is an essential 
point in the treatment of obesity. Some carry 
this out to an extreme degree. For practical 
purposes it is adequate to advise an obese 
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patient to use salt sparingly and to take fluids 
in ordinary amounts. Except for variations in 
weight of short duration, due to temporary 
water retention, weight loss will accompany the 
caloric deficit regardless of the variation in salt 
and water metabolism. To preserve the patient’s 
morale, the doctor should take pains to explain 
that weight is rarely lost steadily but that the 
weight curve often will alternate steady plateaus 
with periods of sharp decline. The weight may 
remain fixed for as long as two weeks at a time, 
due to this water retention, despite rigid ad- 
herence to diet. Forced diuresis by drugs is 
unnecessary. 

From the standpoint of therapy, there is no 
endocrine preparation which is really necessary 
or helpful in reducing patients. A potent hor- 
mone introduced into the body is valuable in 
replacement therapy only. One risks a dis- 
turbance in a delicate glandular balance in 
prescribing hormones to obese people, a risk 
hardly justified in view of the poor response in 
weight loss. 

Thyroid hormones should be used only in 
those obese patients showing definite evidence 
of hypothyroidism. When thyroid is given to 
patients with normally functioning thyroid 
glands, there is a diminution of thyroid hormone 
production to compensate for the excess being 
supplied from the outside. When given, the 
dosage should be adjusted only to improve the 
signs and symptoms of hypothyroidism without 
special regard to the weight. It will often elevate 
the basal metabolism to normal, thereby broad- 
ening the caloric deficit on a limited caloric 
intake. In this way, however, it constitutes only 
a small aid to weight loss, the main factor in 
treatment being the diet. 

There is no known anterior pituitary prepara- 
tion which is effective in the treatment of 
obesity. The use of the thyrotropic hormone and 
Collip’s metabolic principle would be rational 
in special cases but these substances are not 
available for clinical use. Neither is there any 
definite evidence that ovarian preparations are 
useful in this regard. An obese patient, however, 
showing definite signs of the menopausal syn- 
drome should be managed with effective 
estrogenic therapy; her improvement will enable 
her to cooperate more fully with the weight- 
losing measures. 

Amphetamine sulfate and related compounds 
are employed in the treatment of obesity because 
they are claimed to have a calorigenic effect and 
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also because of their ability to produce anorexia 
or loss of appetite. Well controlled studies, how- 
ever, fail to reveal any definite benefit traceable 
to use of these compounds. They should not be 
used in obese patients except when there are 
other definite pharmacologic indications. 

Diuretics such as the organic mercurials or 
ammonium chloride have been used in obese 
patients on the theory that water retention is a 
contributing factor to overweight. In the usual 
forms of obesity the use of diuretics or strict 
restriction of fluids is unnecessary, as already 
stated. 

Laxatives may be required to counteract the 
constipation so often complained of at the 
beginning of dietary treatment. Bland non- 
irritating laxatives should be prescribed. The 
use of strong saline laxatives to induce dehydra- 
tion, however, is improper. 

Many believe that exercise is the best way to 
reduce. Actually it is a poor substitute for proper 
diet. A man weighing 250 pounds must climb 
twenty flights of stairs to rid himself of the energy 
equivalent to one slice of bread. In walking he 
may dissipate 100 calories per horizontal mile, 
but by omitting an ounce of cream from his diet 
he will reduce the inflow of calories to the same 
extent. He must walk 36 miles to rid himself of 
one pound of fat. Football players do lose 4 or 
5 pounds during a game but this is the loss 
chiefly from perspiration. Active exercises, 
however, are a valuable though minor accessory 
in the management of obese patients. They 
should be encouraged to spend time outdoors 
in long walks and to do daily general body 
building and posture exercises. It is possible 
through vigorous activity to build up muscular 
tissue while destroying adipose tissue. 

Massage is helpful in forming subcutaneous 
tissue and in helping skin retraction during the 
process of losing weight. But it is of little value 
in actual reduction. The only person who loses 
weight through massage is the masseur. Turkish 
or cabinet baths produce a temporary loss of 
water, of extremely limited value. They are 
hardly worth the effort and risk. 

Marked weight loss, particularly in middle 
aged and older patients, may be accompanied 
by redundancy of the skin in various parts of the 
body. There may be a persistent so-called 
abdominal apron or loose wrinkled skin about 
the neck, for which plastic surgery is desired. 
There should be a delay of a year or two before 
plastic procedures are done in order to allow 
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maximum spontaneous skin retraction and in 
order to be sure that the patient stays normal 
in weight. 

Dr. READER: Thank you, Dr. Melchionna. 
Dr. Hinkle, I wonder if you could give us any 
further ideas as to treatment of the psychologic 
problems in obesity? 

Dr. Lawrence E. HINKLE, JR.: The people 
who are overweight are those who consistently, 
over long periods of time, take in more food 
than they utilize. The usual reason they do this 
is simply that they enjoy eating. Not only do 
they get satisfaction out of a good meal but also, 
when things are going badly for them, when 
they are under pressure or tension, they eat more 
because it makes them feel better. This group 
of people nearly all recognize the pleasure which 
they get out of eating and the difficulty which 
they have in controlling their appetites. Since 
most of them are otherwise organically normal, 
the problem is that of helping them control 
their appetites. In this sense psychotherapy be- 
longs in the hands of the family doctor. One of 
the things that the doctor can do is to give these 
people support and encouragement in a field in 
which they are notoriously weak-willed. In 
addition to giving them a diet, he can interest 
them in various forms of group reduction classes, 
charm classes or dietary groups. These con- 
verge the patient’s activities and interests into a 
group which gives him the support of other 
people with a similar problem. This procedure 
is used a great deal by commercial reducing 
establishments. These so-called salons enroll 
their clients in groups and work to develop a 
group spirit and morale. I would guess that 
their methods are more effective than our own 
attempts to do the same thing on an individual 
basis with each patient. Likewise the doctor may 
prescribe some medication, such as ampheta- 
mine, ostensibly for the purpose of reducing 
appetite although, as Dr. Melchionna has 
stated, the degree to which these medications 
reduce appetite seems to be pharmacologically 
small but psychologically large. The important 
point is to recognize that the prescription of a 
pill to reduce appetite is a reasonable form of 
psychologic support, so long as the doctor does 
not prescribe some medicine which does more 
harm than good. 

One must in obese persons attempt to dis- 
cover the gratifications which they have lacked 
in their lives, be it a question of loneliness, too 
much pressure of business, some easily adjust- 
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able family difficulty. By relatively simple 
manipulations, such as suggestions for other 
activities or changing of one’s job, the doctor 
may help an individual to relieve himself of the 
tensions which generate an increased appetite. 
Simply finding a sympathetic listener in his 
doctor is of great benefit to a fat man. 

That I think covers the major proportion of 
obese people and I believe that such therapy 
definitely belongs in the hands of the practi- 
tioner. There are only two groups of obese 
people who, to my mind, need to be in the hands 
of a psychiatrist. One group I can mention only 
in passing; those obese individuals whose 
psychologic problem is of the severity of a 
psychotic illness. They must be recognized as 
such and placed under psychiatric care. The 
other group which demands more intensive and 
specialized care contains the young obese 
people, particularly the very fat adolescent girls 
and young women. Psychologically they are 
people who have a very intense urge to put 
things into their mouths. They fall into the 
broad group in which we also find people who 
are alcoholics, people who smoke a great deal, 
people who have anorexia nervosa. In these 
cases one usually finds that early in their lives 
they suffered what they believe to be repeated 
deprivations. This is usually centered around 
their relationship to a mother whom they found 
to be unsatisfactory. So they developed the sub- 
stitute gratification of eating to a degree which 
they cannot control. The treatment of each case, 
as in all psychotherapy, has to be tailored to 
meet the needs and problems and personality 
structure of the individual patient, and I don’t 
think that we ought to go into that at this time. 

Dr. READER: I was interested in your remark, 
Dr. Hinkle, about the serious implications of 
obesity in adolescence. I have heard it said that 
the problem is even greater in young males than 
it is in girls. Supposedly the onset of obesity at 
puberty carries greater indications of psycho- 
pathology, and the prognosis for weight reduc- 
tion is poorer in males than in females. Perhaps 
we could hear from Dr. Harvey about that. 

Dr. WitiiAM A. Harvey: Well, the matter 
of becoming too fat is a problem to a growing 
boy in many ways. Particularly it raises doubts 
in his mind of his own manliness. I think that 
in such cases doctors are apt to accept obesity 
as a failure of maturation and to believe that 
food restriction is hence doomed to failure. But 
I don’t see that there is any sex difference; I 
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don’t know of any reasons why it should be 
considered more serious in boys than in girls. 

Dr. READER: Dr. Korsch, I wonder if you 
think it is more difficult to treat obesity in 
children than in adults. 

Dr. BARBARA M. Korscu: I think it is. We 
are singularly unsuccessful in the Children’s 
Clinic in treating obesity because we have a 
more complex problem. In younger children 
one has to deal with both the mother and the 
child because the amount of food intake is 
often not determined by the child but by the 
mother’s need to feed the boy or girl. In such 
situations the mother is usually unable or un- 
willing to enforce a diet. Then, too, it is the 
mother who thinks the child should be reduced 
but the child has no such urge. 

Dr. Reaper: The direct approach to these 
problems always appeals to us and Dr. Conway, 
as a surgeon, has the most direct attack of all. 
So we will ask him how he goes about handling 
obesity. 

Dr. HERBERT Conway: I would like to speak 
of only one aspect of obesity, regional accumula- 
tion of fat. In the Plastic Surgery Department 
of the New York Hospital approximately fifty 
patients who ask for the excision of localized 
accumulations of fat, obviously dietary in 
origin, are examined in the course of one year. 
Our records show that only four are approved 
each year for surgery. 

Lipectomy is considered for accumulations 
of fat in the neck, legs, abdomen, and occasion- 
ally in the renal region. In selected cases the 
operation is not to be frowned upon. It has been 
our experience that when the patient has 
stabilized his weight under competent dietary 
supervision but is left with fat hanging in a 
pendant apron, the fat can be successfully excised 
with its overlying skin without concern as to 
recurrence of that localized apron. The neck and 
the abdomen are most frequent sites of com- 
plaint, especially in older people. The ab- 
dominal aprons may be completely disabling, 
if only because of the severe dermatitis which 
develops on the adjacent surfaces of skin under 
such an apron. The operation for removal of 
loose folds of skin in the neck is known as 
rhytidectomy, from the Greek root ‘“‘rhytis’’ 
meaning wrinkle. It is commonly referred to as 
the “‘face lifting” operation. It is my opinion 
that no operation in the field of surgery is more 
widely abused than this particular procedure. 
In my own experience I meet at least 100 
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patients a year who ask for this neck operation, 
but anyone who consults the records of this 
hospital will find that no more than four or five 
patients -are subjected to rhytidectomy during 
any given twelve-month period. The operation 
is not at all a difficult procedure. It is not one 
in which the average surgeon is interested 
because it is a rather monotonous mechanical 
procedure. The reason that so few patients are 
approved for the operation is that in the vast 
majority of cases a significant improvement 
cannot be achieved. A lady in her sixties, who 
has been thin most of her life but has loose folds 
of skin in the neck, will achieve a dramatic 
result following incisions in front and back of 
the ear through which large sections of skin 
are removed. The incisions can be sutured so 
that they are almost invisible. These cosmetic 
operations often heal without perceptible scar. 
But most of the people who want the operation 
are women in their forties, with rather moon- 
shaped faces and thick subcutaneous fat deposits 
in the submandibular region. They are not the 
type for which the operation will produce the 
desired improvement in appearance. 

In association with the pendant fat on the 
abdomen, very often there is diastasis of the 
rectus muscles or ventral hernia. This is under- 
standable in that these individuals have exces- 
sive accumulation of omental fat, too. When 
such people achieve proper loss of fat generally 
but the apron is left, we approve excision of the 
apron through an incision which may be as 
much as 36 inches in transverse dimension. 
Usually we take out a huge section of skin and 
fat. To our disappointment such a specimen may 
weigh only five or six pounds. At the time the 
abdomen is open, the excess omental tissue is 
excised, and the diastasis recti or ventral hernia 
is repaired. The procedure may be highly 
successful in selected cases. 

I failed to mention one other condition. That 
is the ptosis of the breast which is due in part to 
accumulation of fat in the mammary structure. 
In those patients, just as in those with the large 
panniculus adiposus of the abdomen, the resec- 
tion of the breast by breast plasty may be 
successful. 

Microscopic examination of the cells in ab- 
dominal aprons of fat has indicated that they 
are in a mild state of passive congestion. There 
may be minute hemorrhages in the skin. The 
skin very often is edematous and shows the 
linear striae which are common in people who 
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gain weight rapidly. They are due to tears of 
the dermis of the skin caused by overtaxing of 
the elastic fibers. The epithelium remains intact 
so there is no overlying open wound. The 
scarification under the epidermis gives the 
picture of scar epithelium just as though there 
had been an open wound. 

The lipomas, which are localized collections 
of fat, are treated successfully by surgery. They 
also bring up some interesting questions in 
regard to fat metabolism. There is more in- 
volved in the deposition of fat than just the 
volume of calories taken in. Some hereditary 
factors may be involved, or at least lipomas may 
be present at birth. I have seen lipomas of the 
fingers in an adult associated with bony over- 
growth of the metacarpals, an indication that 
the fat deposits were present during intra- 
uterine life. Lipomas may be symmetrical. 
Further, I remember an interesting finding in 
a young boy with a scar contracture of the 
hand. At the age of fourteen a skin graft was 
performed, with a flap of skin and underlying 
fat from the abdomen being transplanted to the 
hand. Several years later he had become moder- 
ately obese, with a good deal of fat on the 
abdomen. The graft of abdominal skin and fat 
on the hand showed the same increased depth 
of subcutaneous fat and stood out from the rest 
of the hand. Another comment on the irregu- 
larity of activity of adipose tissue in the human 
body is brought out by the fact that a person 
may come to autopsy in an emaciated condition 
with practically no subcutaneous fat. Yet there 
may be a good malar pad in the cheek and 
suprarenal fat may still be present. So there 
is a wide variation in the distribution of fat in 
the human body. Perhaps there are certain 
specific characteristics of fat metabolism in the 
different areas of skin and subcutaneous tissue. 
I think this should be kept in mind and curiosity 
so directed that some light may be thrown on 
this subject of regional obesity. 

Dr. FRANK FERGUSON: Does all exogenous 
obesity necessarily represent some degree of 
psychiatric disturbance? A person may in his 
youth form habits of heavy physical labor which 
necessitate a high caloric diet. Then in middle 
age, when his activity is reduced, he may con- 
tinue the same diet through habit and thus 
become obese. 

Dr. MEtcuionna: That is true. I do not 
mean to imply that all overweight people have 
some emotional problem. Theoretically, of 
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course, as one’s needs for calories are reduced, 
the appetite is also reduced and less food is 
eaten. In actuality the mechanisms governing 
the appetite do not always work properly. So 
in some cases habit patterns may be the princi- 
pal cause of obesity and treatment should be 
primarily a matter of explanation and institu- 
tion of new habits, without the need for delving 
so deeply into the patient’s life. I would not 
want to hazard a guess as to what proportion of 
obese people were that way simply due to habit, 
but I would be inclined to think the percentage 
was small. The problem is rarely that simple. 

Dr. READER: As an incidental point, Dr. 
Hinkle, what is your opinion of the notion 
that in an obese patient with early diabetes, or a 
“tendency” toward diabetes, loss of weight will 
cause improvement or even an apparently 
complete remission of the disease? 

Dr. Hinxte: I think there is no question that 
reduction in weight ameliorates the symptoms 
of diabetes, especially in older patients. It is 
even possible that the glucose tolerance curve 
may return toward a normal configuration. 
However, I am not sure that obesity is the cause 
of diabetes. There is more to it than that. 

Dr. READER: Dr. DuBois, you have not had 
much to say so far today. Do you have a state- 
ment you would like to make at this time? 

Dr. EuceEne F. DuBots: I would like to suggest, 
in connection with the relationship of the endo- 
crine glands to obesity, that everyone read a 
short article by Fuller Albright in Cecil’s 
‘*“Medicine.”’ It is an introduction to the endo- 
crine system but he discusses chiefly the things 
that are not endocrinology. It is a very delight- 
ful, humorous discussion and throws, I think, a 
good deal of light on the conception of the 
causes of obesity. 

Then there is another little book that has 
appeared recently that I suggest also be read. 
It is in the American Lecture Series on obesity, 
by Rynearson and Gastineau. It seems to me, 
that sums up better than any other article or 
book that I have read the conservative opinion 
regarding the relationship of endocrine function 
to obesity and discusses all the other causative 
factors of obesity. Rynearson and Gastineau are 
rather anxious to do away with the so-called 
division between endogenous and exogenous 
obesity. They think that they are all the same 
thing, that the so-called exogenous obesity 
involves the endogenous factor of too much 
appetite, and the so-called endogenous is related 
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to the exogenous factor of too much food. So 
probably it would be better if we gave up that 
rather old-fashioned and arbitrary division. 

I was interested in your statement, Dr. 
Melchionna, that endocrinopathies probably 
contributed only about 3 per cent of the obese 
patients. I wonder if such a statistical relation- 
ship could not occur even if there were no 
causal connections between the two. Such a low 
percentage could be caused purely by coinci- 
dence. After all, patients with endocrine disease 
can be either fat or thin. I hope that the endo- 
crine factor in obesity will be minimized as you 
have done in your introductory talk. 

Dr. READER: Miss Jones, as a dietitian, how 
do you go about discussing a low calorie diet 
with a patient? 

Miss MEREDITH JonEs: There isn’t time to go 
into details of calorie contents of foods. Anyone 
interested can get the information from a book 
entitled ““Food Values of Portions Commonly 
Used” by Bowes and Church (published by 
College Offset Press, Philadelphia 6, Pa.). That 
is an excellent book. Physicians can also obtain 
booklets of caloric values from the Metropolitan 
and other life insurance companies, which are 
fairly reliable. 

I would like to mention a few popular errors 
in reducing diets. As Dr. Melchionna has men- 
tioned, we recommend liberal supplies of meat 
and fruit in a diet. However, these foods are 
not inert. An average serving of fresh fruit con- 
tains 40 to 80 calories and canned or frozen 
fruits have 100 to 200 calories per serving. Thus 
fruit makes a better dessert than pie or cake, with 
200 to 400 calories. But if the patient feels that 
the fruit is “‘non-fattening’’ and so eats more, 
he is no better off. In regard to meat; pork, ham 
and bacon must be excluded from the diet. 
These contain so much fat, even if the excess is 
trimmed from the outside, that they are of very 
high caloric content. 

Elimination of desserts is a big stumbling 
block. Patients believe that everything good is 
being removed from their lives and they don’t 
adhere to the diets. There are some desserts, in 
addition to fruits, which can be used. Jello, 
sherbets, custard, Junket and sponge or angel 
food cake without icing are all of low caloric 
content. Soft drinks, colas and ginger ale have 
to be banned as they contain some 150 calories. 
Club soda, however, has no calories at all. 

One point that I don’t think is given ade- 
quate consideration is the method of prepara- 
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tion of food. The way the food is cooked is 
tremendously important. I can give you one 
example in the case of the breakfast egg. An 
average boiled egg yields about 75 calories but 
the same egg if fried contains 110. Again, a head 
of lettuce makes an excellent salad and adds 
only 10 calories. But a single tablespoonful of 
Russian dressing runs the caloric content to 110. 
A physician must look into the use of cooking 
oils, frying or creaming foods, and addition of 
bacon fat and oil to vegetables, especially in 
cases in which the patient may not be losing 
weight even though apparently on a proper 
diet. In many cases this will run into racial 
habits. Jewish people use large amounts of sour 
cream, cream cheese and chicken fat. Other 
styles of cooking may also add many calories to 
the meal. 

We try to adapt the reducing diet to the 
patient’s eating habits. If the patient is used to 
meat in the evening but not at lunch, for 
example, we leave things that way. If he divides 
his food intake evenly among three meals, we 
adapt the diet to this same routine. At times we 
do go contrary to previous habits for the sake 
of better balance. A person who skips breakfast 
often is only fooling himself, as he uses this as 
an excuse to eat twice as much for lunch. Or 
he takes a bedtime snack of 500 or so extra 
calories. If each meal is of a somewhat sub- 
stantial nature, it is easier to control the appetite 
and the caloric intake. Sometimes this leads to 
confusion. People who usually take nothing but 
coffee for breakfast will think a doctor is crazy 
if he talks of cutting down the food intake 
and then suggests eating a slice of toast and 
some eggs in the morning. This requires 
explanation. 

There is one additional comment I have. We 
have found that better weight reduction is 
obtained if the doctor has first taken time to tell 
the patient why weight must be lost. After the 
patient knows the reasons and has a definite 
goal in mind, he is much more receptive to our 
words about diet. But if the doctor has simply 
scolded the patient or just told him he needed a 
diet, the outlook is very poor. 

As far as the results that can be obtained, we 
have compared our figures with the claims made 
by some of the Fifth Avenue salons. They state 
that 90 per cent of their clients successfully lose 
weight. The best that we can do, under optimum 
conditions, is to take substantial amounts of 
weight off only 65 per cent of our patients. 
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Dr. Reaper: Is there any comment on Miss 
Jones’ statement? 

Dr. ME-cuionna: It brings to mind a paper, 
the authors of which I cannot recollect, pub- 
lished about twelve years ago. Some growing 
rats were given the full food supply at one meal 
while another comparable group was given the 
same total amount divided into frequent feedings 
through the day. The rats that got the food in 
one feeding gained weight much more rapidly 
than those that had several small feedings each 
day. There was never any clear understanding 
of the factors involved. There is resistance to the 
breakdown of fat stores in an individual who is 
starved. In those rats fed only once a day, 
metabolism may have been reduced in the 
periods of fast between each meal, whereas the 
rats fed frequently may have utilized the calories 
more properly after ingestion. If we are to be 
guided by that experiment, it seems preferable 
to give a patient at least three meals a day to 
supply the total calories allowed. 

There is another thought that comes to my 
mind. Most obese people have very distorted 
dietary habits. They eat largely concentrated 
carbohydrates and fats. In many cases it is of 
benefit simply to change the food intake quali- 
tatively, without particular attention to the total 
caloric consumption. One group in Chicago has 
claimed good results simply by re-educating the 
patients to eat a more normally balanced, less 
concentrated diet. They let patients eat as much 
as desired, but only of the proper foods. Appar- 
ently it is impossible for them to take in as many 
calories as previously and hence weight is lost. 
In some cases this approach is useful, particularly 
if obesity isn’t extreme. 

I would like to ask Miss Jones how she obtained 
the figure of 65 per cent successful weight loss. 
That would be an unusual therapeutic victory. 

Miss Jones: We keep a record of all patients 
on reduction diets. Of those that were followed 
for a year, 65 per cent reached the desired 
weight level and maintained that weight for at 
least six months. 

Dr. MELCcHIONNA: That is a different matter. 
You are referring to those patients who are 
followed for at least one year. In this group 
65 per cent actually represents a low figure. Most 
patients drop out in the first month. Actually, 
if one considered the total number of patients 
in whom weight loss is attempted, success would 
be achieved in probably less than 15 per cent 
through the clinics. 
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Miss Jones: I am sure that is about the right 
figure. 

Dr. MELCHIONNA: There is another dietary 
fallacy, besides those you mentioned, that has 
grown up about coarse cereals and whole wheat 
bread. It is a good principle to substitute whole 
wheat for white bread when putting a patient 
on a diet, simply because the whole wheat will 
furnish more essential nutrients, but both types 
of bread can be fattening. The patient who 
substitutes six slices of whole wheat bread for 
his usual six slices of white is not going to lose 
weight. 

Miss Jones: The caloric content of both kinds 
of bread is identical. People also have the idea 
that toasting cuts down the calories, which just 
is not so. 

Dr. WALTER MopeELL: I wonder if I am 
repeating Dr. Hinkle correctly. He agreed with 
Dr. Melchionna that drugs such as amphetamine 
exerted effects on appetite only through psycho- 
logic means. But I gathered that use of such 
drugs was effective and justified in his opinion. 

Dr. Hinxte: I did not necessarily advise that 
amphetamine might be used, although it is now 
a popular drug, and if given in not too large 
doses is harmless. The problem with most obese 
patients is their need for help in overcoming 
the urge for food. If they get some psychologic 
support from a medication prior to meals, which 
they think will reduce their appetite, I do not 
believe that is a bad thing. 

Dr. MopeE Lt: I am not taking exception. My 
point was solely in regard to use of ampheta- 
mine for such a purpose. There are distinct 
dangers in using that drug and I wonder why 
you would not just prescribe a placebo. 

Dr. Hink.e: There are indeed some dangers 
in using the drug. But a placebo is effective only 
in so far as it inspires the confidence of the 
patient. 

Dr. MELCHIONNA: I would like to support 
your point, Dr. Hinkle, which I think is a good 
one. The prescription of drugs, particularly if 
they are to be taken before meals, is good 
practice. Just the act of taking a pill before a 
meal is a reminder to the patient to eat less at 
that meal, in addition to any effects, psychologic 
or not, on the appetite. The vitamins adminis- 
tered with a low caloric diet serve this function. 
The same is true of amphetamine. I am not 
impressed with the dangers of this drug in usual 
doses, such as 5 mg. at a time. The patient may 
have some stimulatory effects from this dosage; 
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he may have some difficulty in getting to sleep 
at night. For this reason, only two doses are 
often given, before breakfast and before lunch. 

Dr. Monet: That practice is perfectly all 
right. But I still object to the usage of ampheta- 
mine without definite indication. 

Dr. Hink.e: I did not mean to imply that 
amphetamine is the only drug to be used. It may 
actually have no more physiologic effects than 
any other placebo. But it must be recognized 
that many doctors believe it has definite 
anorexic properties and the public is aware of 
this. A physician should not scorn these psycho- 
logic factors. 

Dr. SoLomon Gars: What is the composition 
of the reducing tablets advertised so much today? 

Dr. MELCHIONNA: Many of the advertised 
remedies are mixtures of vitamins, minerals and 
egg or milk proteins. They contain very few 
calories. I believe the important thing is that 
they are supposed to be taken before meals. 
The patient feels hungry and takes a tablet. 
Psychologically that might alleviate hunger. 

Dr. Gare: Do you restrict alcohol in a re- 
ducing diet? 

Dr. MELcHIONNA: Yes. There is some con- 
fusion about the utilization of alcohol. It is true 
that alcohol cannot be deposited as fat nor 
consumed for work energy. But it can be 
metabolized to furnish body heat and thus can 
spare other calories which will then be laid 
down as fat. So I insist that the patient eliminate 
alcoholic drinks. 

Miss Jones: Liquors contain even more 
calories than those due to alcohol. A glass of beer 
contains 120 calories, and sweet wine has 160 per 
wineglass. Cocktails run about 140 to 170 calories 
each. Probably the top caloric content is in 
Christmas eggnog. The usual punch-cupful of 
this runs in the neighborhood of 330 calories. 


SUMMARY 


Dr. Fercuson: In regard to the cause of 
obesity, the opinion of this conference seems 
flatly opposed to the belief that obesity is usually 
related to diseases of endocrine glands. In only 
rare instances is an endocrinopathy found in 
obese persons and in such cases the glandular 
disorder is associated more with the distribution 
of fat than with the total weight. Instead the 
emphasis has been on psychologic factors as a 
cause of overweight. Such factors may range 
from a fairly simple problem in life to a defect in 
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personality or even to an overt psychosis. All 
these may result in increased food consumption 
and hence obesity. 

The foundation of treatment for obesity is 
diet. We have heard discussed the desired 
caloric content and the composition of a reduc- 
ing diet and means by which this can be 
adapted to a patient’s habits. In addition atten- 
tion must be paid to the methods of prepara- 
tion of food. Various fallacies of reducing diets 
have also been mentioned. Vitamin supplements 
should be added to the diet. 

Rather simple psychotherapeutic measures 
have been outlined. It is necessary for the doctor 
to give the patient a thorough understanding of 
the dangers of obesity and the advantages to be 
gained by weight loss. Since therapeutic success 
is dependent upon the patient rather than the 
doctor, maintenance of patient morale is of the 
utmost importance. The use of placebos has 
been recommended. The physician must also 
attempt to uncover the psychologic disorders 
responsible for development of obesity. In many 
cases these problems will be easily corrected, and 
only rarely will specialized psychiatric care be 
needed. 

Plastic surgery seems of rather limited use, 
applicable more to the sequellae of weight 
reduction than to the obesity itself. It is im- 
portant, before considering surgery, that the 
weight be brought near the desired level and 
that a sufficient interval elapse to ensure mainte- 
nance of weight loss and maximum retraction 
of pendant tissues. Active exercise and passive 
massage may also be of benefit in controlling 
these sequellae, although exercise in any form 
is of limited value so far as losing weight is 
concerned. 

Medications have practically no place in the 
management of overweight persons unless there 
is some associated disease which also requires 
therapy. Endocrine preparations, including 
those of the thyroid, pituitary and ovary, are 
of no value in obesity and may even be danger- 
ous. Amphetamine, though reported to produce 
anorexia, is regarded as of questionable value. 
Diuretic drugs have no place in the therapy of 
obesity. There may be variations in salt and 
water retention which temporarily hinder 
weight loss but the use of diuretics or restriction 
of salt or water serves no useful function. The 
only drugs recommended are the addition of 
vitamin supplements to the diet and the use of 
any harmless drug before meals as a placebo. 
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Clinico-pathologic Conference 


Leukemoid Reaction, Abdominal Pain and 
Mesenteric Lesions 


TENOGRAPHIC reports, edited by Robert J. Glaser, m.p, and David E. Smith, m.p., of 
weekly clinico-pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members 
of the Departments of Internal Medicine and Pathology of the Washington University 
School of Medicine and by Junior and Senior medical students. 


HE patient, G. M. (No. 7740), was a 
| sixty-seven year old white barber who 
entered the Washington University Clinics 
on August 22, 1951, complaining of weakness 
and pains in the arms and legs. The family his- 
tory was not contributory. The past history was 
of interest in that at the age of twenty-five the 
patient developed an enlarged gland on the left 
side of his neck. Although he was told it might 
represent a tuberculous lesion, it was not treated 
and cleared without further event. Five years 
before admission the patient developed bilateral 
inguinal hernias. The past history and systemic 
review were otherwise negative. 

For about one year before coming to the 
clinic the patient was troubled. by increasing 
fatigue which six months before entry became 
marked. He also had ‘aching sensations’ in 
both his arms and legs; the latter symptoms were 
at times extremely painful, particularly at 
night. Three weeks prior to admission, while at 
work, the patient fell to the floor but apparently 
did not lose consciousness. He was seen by a 
physician who told him that he had “‘anemia,”’ 
for which injections of liver, iron and vitamin B 
complex were given. In the following three 
weeks he was unable to work because of weak- 
ness but he did not remain in bed. 

When seen in the Washington University 
Clinics, he was afebrile. The significant physical 
findings were pallor of the skin and bilateral 
inguinal hernias. The laboratory data included 
a red cell count of 3,500,000 with 12 gm. of 
hemoglobin, a white cell count of 25,000 and a 
normal differential. Gastric analysis revealed no 
free acid in a fasting specimen, but free acid was 
present after the injection of histamine. The 
patient was admitted to the Barnes Hospital on 
August 25, 1951, for further study. 

At the time of entry into the hospital, the 
physical examination revealed the patient’s 
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temperature to be 38°c., pulse 20, respirations 24 
and blood pressure 180/115. He was pallid and 
appeared chronically ill. The skin was of yellow- 
ish cast but the conjunctive were not icteric. 
Examination of the fundi revealed only arte- 
riolar narrowing. Examination of the upper 
respiratory tract was negative except that the 
tongue was somewhat redder than normal. The 
lungs were clear to percussion and auscultation, 
and the heart was normal. Abdominal examina- 
tion revealed no organs or masses. The inguinal 
hernias previously noted were present and easily 
reducible. Rectal examination was negative. 
The neurologic findings were normal except for 
absent vibration sense in the left leg and foot. 

The laboratory findings were as follows: Blood 
count: red cells, 3,480,000; hemoglobin, 11.6 
gm.; white cells, 25,300; differential count: 
basophiles 2 per cent, eosinophiles 4 per cent, 
myelocytes 1 per cent, juvenile forms 8 per cent, 
stab forms 12 per cent, segmented forms 59 per 
cent, lymphocytes 7 per cent, monocytes 7 per 
cent; reticulocytes, 5.7 per cent; platelet count, 
280,000. Urinalysis: negative. Stool examination: 
negative. Blood cardiolipin test: negative. Blood 
chemistry: non-protein nitrogen, 13 mg. per cent; 
sugar, 101 mg. per cent; phosphorus, 4.2 mg. 
per cent; acid phosphatase, 1.3 K.A. units; 
alkaline phosphatase, 5 Bodansky units; chlo- 
rides, 91 mEq./L. Basal metabolic rate: +20, +27 
per cent. Roentgenogram of the chest: The aorta was 
lengthened and tortuous. Calcified hilar and 
cervical nodes were present and there was a 
primary Ghon complex in the left upper lobe. 
The gastrointestinal series revealed a traction 
diverticulum of the lower third of the esophagus. 
Metastatic bone series showed narrowing of the 
interspace between the fourth and fifth lumbar 
vertebrae with hypertrophic changes. Flectro- 
cardiogram: left ventricular strain. 

Soon after the patient was admitted to the 
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hospital, bone marrow studies were performed. 
The marrow was found to be cellular with a 
moderate predominance of myeloid cells and 
some shift to younger forms. The erythroid ele- 
ments were present in normal numbers, but also 
showed a slight shift to younger forms. Mega- 
karyocytes were plentiful. No tumor cells were 
noted. A definitive diagnosis could not be made 
on the basis of the bone marrow studies. A first 
strength PPD skin test was negative. During his 
hospital stay the patient’s blood pressure fell to 
normal value; his temperature ranged between 
37.4° and 38.0°c. He was discharged from the 
hospital on September 6, 1951, to be followed 
in the clinic. 

For the first week following discharge from the 
hospital his condition remained unchanged. 
Eight days prior to the second admission he 
vomited once and on the following day de- 
veloped severe upper abdominal pain which 
radiated to the right costal margin. He was seen 
by a physician who gave him a hypodermic 
injection and the pain subsided to some extent; 
it continued to be present constantly, however, 
during the week prior to the second admission. 
His afternoon temperature ranged between 99° 
and 100.4°r. His skin became yellow, the urine 
dark and the stools light in color. He had no 
further vomiting and noted no change in the 
character of the stools. Although the patient’s 
abdomen did not become distended, for several 
days prior to entry the right inguinal hernia 
could not be completely reduced. Because of the 
continuation of his symptoms he was admitted 
to the surgical service on September 21, 1951. 

Physical examination at the time of entry 
revealed the temperature to be 38.3°c., pulse 
100, respirations 22 and blood pressure 140/80. 
The patient had obviously lost weight. The skin 
and sclerae were definitely icteric. Examination 
of the eyes was not remarkable and the upper 
respiratory tract appeared normal. Matted 
lymph nodes of unstated dimensions were 
palpable in the left supraclavicular fossa and 
firm inguinal glands, 1 to 2 cm. in size, were 
palpable bilaterally. Examination of the heart 
and lungs was within normal limits. There was 
tenderness on deep palpation in the epigastrium 
and in the right upper quadrant; in the latter 
area a firm tender mass extending 5 cm. below 
the costal margin was felt. It apparently was 
situated superior to the liver since the liver edge 
was also palpable beneath the mass. No other 
abdominal viscera were felt. The right inguinal 
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hernia could not be completely reduced. The 
neurologic examination was within normal 
limits. 

Laboratory findings were as follows: Blood 
count: red cells, 3,250,000; hemoglobin, 11 gm.; 
white cells, 60,000; differential count: basophiles 
1 per cent, eosinophiles 2 per cent, myelocytes 
16 per cent, juvenile forms 11 per cent, stab 
forms 26 per cent, segmented forms 39 per cent, 
lymphocytes 5 per cent. Urinalysis: albumin, 
1+; sugar, negative; urobilinogen, positive 
1/10, negative 1/20; sediment, negative. Stool: 
guaiac positive. Blood chemistry: non-protein 
nitrogen, 19 mg. per cent; sugar, 95 mg. per 
cent; chlorides, 114 mEq./L.; sodium, 141 
mEq./L.; potassium, 5.3 mEq./L.; cholesterol, 
123 mg. per cent; total proteins, 6.5 gm. per 
cent; albumin, 4.2 gm. per cent; globulin, 2.3 
gm. per cent; cephalin-cholesterol flocculation 
test, 3+; thymol turbidity, 1.5 units; icterus 
index, 8 units; bromsulphalein dye retention, 
36 per cent in forty-five minutes; alkaline 
phosphatase, 11 Bodansky units; sodium bili- 
rubinate, 0.76 mg. per cent; bilirubinglobin, 
1.36 mg. per cent; prothrombin time, 57 per 
cent of normal. Roentgenogram of the upper gastro- 
intestinal tract: there was posterior displacement 
of the stomach due to enlargement of the liver. 
Prompt but incomplete filling of the duodenal 
bulb was noted; filling was presumably limited 
by extrinsic pressure of a mass in the right 
anterior aspect. It was thought that the mass 
might represent the gallbladder although it 
could not be visualized on oral cholecystograms. 

Shortly after admission to the hospital a 
second stool specimen was positive for occult 
blood. Bone marrow aspiration was performed 
and revealed some shift to the left in myeloid 
elements with normal erythroid elements. 
Gastric analysis showed free acid after his- 
tamine; the cell block section of the gastric 
washings was negative. The patient continued 
to have a leukocytosis and low-grade fever with 
temperatures ranging between 37° and 38.5°c. 
Pain and tenderness in the right upper ab- 
dominal quadrant remained pronounced; and 
because a specific diagnosis could not be made, 
the patient was subjected to exploratory lapa- 
rotomy. The mass in the right upper quadrant 
was found to be a thickened, distended gall- 
bladder. The liver appeared grossly normal 
although it was perhaps slightly enlarged. The 
spleen was twice normal size. In the mesentery 
of the small bowel were multiple, plaque-like 
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areas of indurated tissue measuring 1 to 7 cm. in 
diameter. The largest lesion was approximately 
114 cm. thick. The involvement was generalized 
in the mesentery of the small bowel; and 
although the sigmoid mesentery was not visual- 
ized, it was palpated and thought also to be 
involved. The gallbladder was removed; its 
contents consisted of black necrotic material 
and a few stones. There was marked induration 
and edema in the region of the cystic duct. The 
common duct was not dilated but it was not 
possible to probe it. Biopsy of the mesentery of 
the small intestine was taken. During the ex- 
ploration a thick-walled mass was felt along the 
course of the right ureter. It appeared to contain 
clear fluid and was removed. The surgeon con- 
cluded that the latter mass was an incidental 
finding unrelated to the patient’s primary 
disease. 

The postoperative course was initially un- 
eventful but on the third day the patient de- 
veloped marked abdominal distention. A diag- 
nostic paracentesis was performed and bloody 
fluid obtained. The patient’s red blood cell 
count fell to 2,700,000 and the hemoglobin to 
8.9 mg. per cent. Similar counts were obtained 
on the paracentesis fluid. The platelet count was 
17,000, the clotting time normal and the bleed- 
ing time eleven minutes. The patient was given 
three units of whole blood and his hematocrit 
rose from 27 to 35 per cent. Bone marrow 
aspiration was again performed and revealed 
questionably abnormal megakaryocytes. Sple- 
nectomy was considered but it was decided that 
the patient’s condition was too critical to permit 
operation, and he was transferred to the Medical 
Service on October 2, 1951. 

At the time of transfer he appeared acutely 
ill. Breath sounds were decreased at the left base 
and crackling rales were heard there. Except for 
tachycardia, the examination of the heart was 
normal. The blood pressure was 160/110. The 
abdomen remained markedly distended, and 
there was some oozing of blood through the 
paracentesis wound. Protamine sulfate, intra- 
venous ACTH and oral cortisone were begun. 
The patient received ACTH throughout the 
remainder of his hospital stay. On the fourth 
postoperative day fine rales were heard at both 
bases. The venous pressure was 176 mm. of 
saline, and the circulation time 18 seconds with 
decholin. The non-protein nitrogen rose to 
50 mg. per cent and the urine revealed 2+ 
albuminuria. The patient was digitalized. 
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Oozing of bright red blood through the ab- 
dominal wound persisted. The hemoglobin fell 
and transfusions were again given. The platelet 
count rose to 36,000; the white blood cell count 
was 78,000 with a marked left shift. Bone 
marrow aspiration was again performed and 
cells suggesting those of reticulum cell sarcoma 
were noted. It was not believed, however, that 
this diagnosis could be made unequivocally. On 
the sixth postoperative day, October 7, 1951, the 
patient developed lower abdominal pain and 
marked tenderness in the left lower quadrant. 
His abdomen became more distended and 
tense, and the right inguinal hernia became 
completely irreducible and extremely painful. 
The non-protein nitrogen was 85 mg. per cent. 
At the end of that day the patient’s blood pres- 
sure fell to shock levels. His respirations became 
labored and despite emergency measures he 
died. During the period he was observed on the 
Medical Service the white blood cell count never 
fell below 26,000 and on one occasion reached 
90,000. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: By way of re- 
capitulation, it may be well to review some of 
the major features of the case. This man was 
sixty-seven years old and came to the Clinics 
originally because of weakness and pain in the 
arms and legs of about one year’s duration. He 
was found to have moderate anemia, a leuko- 
cytosis and bilateral inguinal hernias. He 
entered the hospital and the findings noted in 
the Clinic were confirmed. Although a number 
of other diagnostic procedures was done, the 
diagnosis of the patient’s major disease remained 
obscure. Soon after discharge he developed 
severe abdominal pain and was noted to have a 
mass in the right upper quadrant. He reentered 
the hospital and was subjected to laparotomy; a 
thickened gallbladder containing necrotic mate- 
rial and small stones was found. In addition, a 
number of small plaques were present through- 
out the mesentery. These lesions were biopsied 
but for purposes of discussion, we are not in- 
formed of the interpretation made in the Sur- 
gical Pathology Department. Dr. Wilson, would 
you care to comment on the x-ray findings. 

Dr. Hucu M. Wirson: As was noted in the 
protocol, films of the chest were not remarkable 
for a man of this age. The aortic knob was 
prominent, but the heart was within normal 
limits as to size and contour. A gastrointestinal 
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X-ray examination was then made. A diver- 
ticulum in the lower third of the esophagus was 
demonstrated but no other abnormalities of the 
esophagus or stomach were found. The duo- 
denal bulb appeared normal but on several films 
there was a suggestion of an extrinsic pressure 
defect. When the examination was repeated, the 
defect was more prominent. The remainder of 
the intestinal tract appeared normal; we did not 
consider the spleen to be enlarged. A metastatic 
series was made but was unrevealing. Chole- 
cystograms showed non-visualization of the gall- 
bladder. When the patient returned to the 
hospital the second time, not only was the 
extrinsic pressure on the duodenal cap demon- 
strated, but also it was noted that the lesser 
curvature of the stomach was displaced to the 
left. It was our opinion that the liver was en- 
larged and that possibly the gallbladder was 
responsible for the pressure defects involving the 
stomach and duodenum, although as noted, the 
gallbladder could not be visualized on chole- 
cystography. There was some abnormality in the 
small intestinal pattern suggesting segmental 
areas of spasm but this finding was not striking. 

Dr. ALEXANDER: Can the findings which you 
have enumerated be correlated with the multiple 
mesenteric lesions noted at operation. 

Dr. Wison: Perhaps one could consider them 
to be related to the abnormal small intestinal 
pattern. 

Dr. ALEXANDER: Do you think that they sug- 
gest intrinsic disease of the intestine? 

Dr. Wison: Similar changes are sometimes 
seen in carcinomatosis of the peritoneum and 
they can also be seen with inflammatory proc- 
esses. As a matter of fact, we usually use a rather 
non-specific term, irritation pattern, to describe 
the finding noted here. 

Dr. ALEXANDER: I should now like to turn 
attention to a consideration of the hematologic 
findings. At one point the question was raised 
as to whether the patient might not have 
myeloid leukemia. Dr. Harrington saw him and 
did not think that was likely. Dr. Harrington, is 
your opinion still the same? 

Dr. WitiiAM J. Harrincton: We were, of 
course, bothered by the possibility that this man 
might have leukemia, Dr. Alexander, but we 
never considered it the most likely diagnosis. In 
general, the presence of anemia and of thrombo- 
cytopenia, both of which this patient exhibited, 
are somewhat uncommon in early myeloid 
leukemia. Furthermore, none of the physical 


findings was particularly suggestive of that 
diagnosis. Aside from the left shift in the differ- 
ential, we thought it would be difficult to defend 
the diagnosis of myeloid leukemia. It should also 
be noted that the absence of basophilia is against 
the diagnosis of myeloid leukemia. 

Dr. ALEXANDER: We shall discard myeloid 
leukemia as a diagnostic possibility. Would you 
call this a leukemoid reaction, Dr. Harrington? 

Dr. Harrincton: | think that one may use 
the term leukemoid reaction when the white 
count reaches levels of 40,000 to 50,000. 

Dr. ALEXANDER: Infections of various types 
are among the possible causes of leukemoid 
reactions. Dr. Harford, do you think this patient 
might have had tuberculosis? 

Dr. Cart G. Harrorp: I am inclined to 
doubt it. 

Dr. ALEXANDER: You will remember that at 
the age of twenty-five he was supposed to have 
had a tuberculous gland in the neck. Why do 
you doubt that he had tuberculosis? 

Dr. Harrorp: I would have expected the 
mesenteric lesions to involve the lymph nodes 
primarily had the process been tuberculous in 
origin. 

Dr. ALEXANDER: Does the fact that the pa- 
tient had extensive mesenteric lesions without 
pulmonary involvement militate against the 
diagnosis of tuberculosis? 

Dr. Harrorp: In this country bovine tuber- 
culosis has been essentially eradicated and 
intestinal tuberculosis due primarily to the 
ingestion of tubercle bacilli from bovine sources 
is quite rare. On the other hand, tuberculosis of 
the intestines, secondary to pulmonary tuber- 
culosis, certainly occurs. Therefore, the fact that 
the patient’s chest film was negative does indeed 
make tuberculosis an unlikely possibility. 

Dr. Harotp ScuerrF: In addition to the nega- 
tive chest x-ray, the patient also had a negative 
first strength PPD test which is against the 
diagnosis. 

Dr. ALEXANDER: Would you comment, Dr. 
Harford, on the value of a negative first strength 
PPD in ruling tuberculosis in or out. 

Dr. Harrorp: In my opinion, Dr. Alexander, 
a negative first strength test merely suggests that 
it is safe to go ahead and use the second strength 
preparation. I do not believe it is of much 
significance otherwise. If the second strength test 
is also done and is negative, that result con- 
stitutes definite evidence against the diagnosis 
of tuberculosis. It is almost unnecessary to point 
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out that a positive test, per se does not substan- 
tiate the diagnosis of active tuberculosis. 

Dr. ALEXANDER: Are there further comments? 

Dr. THomas H. Hunter: While we are dis- 
cussing negative PPD skin tests, it might be 
proper to mention Boeck’s sarcoid as a possi- 
bility here. 

Dr. Rospert J. The history of 
arthralgia-like symptoms and the presence of 
intra-abdominal lesions of possible lymphoid 
origin bring to mind Whipple’s disease, although 
I suspect that many of the findings cannot be 
explained on that basis. 

Dr. ScuerrF: I do not think it conceivable that 
this patient had Whipple’s disease. 

Dr. ALEXANDER: Since the patient’s diagnosis 
is relatively obscure, we must include many 
diseases in the differential diagnosis. Do you 
think the patient had a malignant tumor, 
Dr. Mendeloff? 

Dr. ALBERT I. MENDELorF: If the patient had 
malignant disease, lymphosarcoma rather than 
carcinoma seems the more likely to me. One 
might have expected that either lymphosarcoma 
or carcinoma cells would have been found in the 
bone marrow in view of the leukemoid reaction. 
Further, carcinomatous involvement to this 
degree should also have involved the liver and 
should have produced ascites. 

Dr. ALEXANDER: The diagnosis of carcinoma 
probably can be excluded for the reasons 
enumerated. Dr. Shapleigh, may lymphosar- 
coma be associated with a leukemoid reaction in 
which the predominant cells are granulocytic? 

Dr. Joun B. SHAPLEIGH: Yes, it may. 

Dr. ALEXANDER: What about Hodgkin’s 
disease, Dr. Mendeloff? 

Dr. MEnbeE orf: think that lymphosarcoma 
is more likely than Hodgkin’s disease. 

Dr. ALEXANDER: Do you think the masses 
described were mesenteric lymph nodes? 

Dr. MENDEL OFF: I don’t know. The descrip- 
tion given in the protocol does not make clear 
what they were; apparently they were not 
related to blood vessels either. 

Dr. ALEXANDER: I think it reasonable to 
assume that the mesenteric masses were lymph 
nodes. 

Dr. MENpbE orr: If so, they would be com- 
patible with lymphosarcoma. I cannot, however, 
fit the stone-filled, necrotic gallbladder into the 
clinical picture of lymphosarcoma. 

Dr. ALEXANDER: I assume then that lympho- 
sarcoma would account for all of the clinical 
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findings except the necrotic gallbladder. Dr. 
Shank, what is your opinion? 

Dr. Ropert E. SHANK: Hodgkin’s disease 
actually seems more likely to me than lympho- 
sarcoma. I am not at all sure that this patient 
had any hepatic involvement. 

Dr. ALEXANDER: You will recall that the 
cephalin-cholesterol flocculation test was 3+ 
and that there was 36 per cent retention of 
bromsulphalein. I presume that these data are 
not helpful in terms of arriving at a diagnosis. 

Dr. SHANK: No, I do not think they are. 

Dr. Haro.ip ScuerF: I doubt seriously that 
the patient’s jaundice was related to his gall- 
bladder disease. It is rare for acute cholecystitis 
to produce jaundice unless there is associated 
cholangitis. This patient probably had diffuse 
hepatic disease as the basis for his icterus. 

Dr. ALEXANDER: Do you think that the gall- 
bladder disease was an incidental finding or 
part of the primary disease? 

Dr. ScHEeFrF: The most common cause of the 
gallbladder findings described here is a cystic 
duct stone. It is conceivable that lymphoma 
might involve the cystic duct. 

Dr. ALEXANDER: What significance should be 
attached to the fact that the gallbladder was 
necrotic? 

Dr. MENDELOFF: Before answering that ques- 
tion, Dr. Alexander, I should like to point 
out that bromsulphalein retention in the pres- 
ence of fever is very difficult to evaluate. Further, 
although the cephalin-cholesterol flocculation 
test was 3+, the thymoid turbidity test was 
normal. All in all, therefore, the data in regard 
to liver function are not very helpful. As far as 
the necrosis of the gallbladder is concerned, 
there is only one systemic disease of which I am 
aware that is associated with necrosis of the gall- 
bladder. That disease is polyarteritis nodosa. 

Dr. ALEXANDER: Your point is well taken, 
Dr. Mendeloff. We have had several cases of 
polyarteritis in which gallbladder involvement 
was present. The leukemoid reaction is con- 
sistent with polyarteritis as is the history of 
myalgia. 

Dr. MENDELOFF: Abdominal pain also occurs 
in polyarteritis. 

Dr. ALEXANDER: The only factor in this case 
which I find hard to reconcile with polyarteritis 
is the group of plaque-like lesions in the mesen- 
tery. I do not believe I have seen this type of 
involvement. Are there other comments? 

Dr. Hunter: I cannot get enthusiastic about 
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Fic. 1. The inferior surface of the liver showing the 
extensive dissection and destruction from the hemor- 
rhage that arose in the bed of the removed gallbladder. 


the diagnosis of polyarteritis. I think lymphoma 
is the most likely possibility. Lymphoma often is 
a diagnosis of exclusion when an obscure clinical 
picture such as this man presented cannot be 
explained in any other way. 

Dr. ALEXANDER: How would you explain the 
gallbladder findings on the basis of lymphoma, 
Dr. Hunter? 

Dr. Hunter: I do not believe I could. 

Dr. ALEXANDER: Dr. Moore, would you 
comment on the thrombocytopenia? 

Dr. Cart V. Moore: This situation was 
peculiar, Dr. Alexander. The thrombocytopenia 
must have been secondary since the clinical 
picture was not that of idiopathic thrombocyto- 
penia. I suspect that it arose on the basis of the 
primary disease, whether that was polyarteritis, 
tumor or infection. One other possibility is that 
the patient had thrombotic thrombocytopenia 
but that seems less likely. It should be pointed 
out that splenectomy might well have benefited 
this patient and prevented some of the terminal 
hemorrhagic manifestations. 

Dr. ALEXANDER: It is noted in the chart that 
splenectomy was suggested but rejected because 
of the patient’s condition. 

Dr. Moore: Yes, it was believed by both the 
Medical and Surgical Services that the patient 
could not have tolerated splenectomy. 

Dr. ALEXANDER: Do you agree with Dr. 
Moore, Dr. Harrington? 

Dr. Harrincton: Yes, I do. 

Dr. ALEXANDER: Dr. Butcher, would you 
discuss the operative findings? 

Dr. Harvey ButcHer: The most striking 
finding at the time of operation was the plaque- 
like lesions which averaged 4 to 6 cm. in size. 


The largest one, from which we took the biopsy, 
was probably 6 to 7 cm. in its greatest dimension. 
It was at least 114 cm. thick and involved all 
of the thickness of the small bowel mesentery. 
There was no evidence of caseation or of 
necrosis. The plaques were firm, grey in color 
and generalized; at the time we thought they 
most probably represented lymphosarcomatous 
infiltration. The spleen was enlarged and so was 
the liver but neither appeared abnormal. 

Dr. ALEXANDER: It was quite clear that a 
definitive diagnosis cannot be made in this case 
without the pathologic findings. The consensus 
would appear to favor polyarteritis nodosa or 
one of the lymphomas although no one has been 
able to relate the gallbladder disease to lym- 
phoma. Polyarteritis would account for all of the 
clinical manifestations except the mesenteric 
plaques and I believe that the correct diagnosis 
rests between those two. Infection and car- 
cinoma both seem less likely. 

Clinical Diagnoses: ? Polyarteritis nodosa; 
? lymphoma. 


PATHOLOGIC DISCUSSION 


Dr. McNALLey: Externally there 
were some ecchymoses in the skin of the abdo- 
men, particularly around the abdominal incision 
from which bloody fluid exuded through the 
drain opening at the lateral end of the incision. 
The thorax contained 300 milliliters of sero- 
sanguineous fluid in each side. The lungs were 
diffusely reddened and atelectatic, particularly 
in the lower lobes. In the abdomen there were 
2,500 milliliters of fluid and clotted blood. The 
hilum of the liver, as shown in Figure 1, was 
torn by hemorrhage which dissected from the 
bed of the absent gallbladder along the portal 
veins and into the parenchyma of the liver. The 
mesentery at the time of autopsy had no 
areas that could be described as plaques. There 
were small areas of gray discoloration scattered 
over its surface which appeared to be foci of 
fibrosis such as might result from chronic in- 
flammation. The tissues about the site of the 
biopsy were slightly indurated for 2 or 3 cm. on 
each side of the incision. In the lower ileum, 
adjacent to the biopsied site in the mesentery, 
there was a small infarct of the wall. Distal to 
the infarct, for the terminal 40 cm., the ileum 
was thickened and dark red, and the mucosa was 
covered with an adherent greenish membrane. 
A few subserosal ecchymoses and a slight 
amount of fibrinous exudate were present in this 
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area, but there was no necrosis of the muscular 
wall. 

The liver was enlarged to a weight of 2,400 
gm. but showed only slight congestion in addi- 
tion to the hemorrhage. The spleen was only 
slightly enlarged and its surfaces were of normal 
appearance. The mesenteric lymph nodes were 
also slightly enlarged, but no changes typical of 
leukemia were present in any of the organs. 

Dr. FREDERICK G. GERMUTH: In the speci- 
mens of the mesentery and gallbladder from the 
operation there were extensive chronic and 
acute hemorrhages and distinct lesions of poly- 
arteritis nodosa. In Figure 2 a vessel from the 
mesentery shows segmental necrosis of the 
media in the upper central portion of the 
illustration. There is extensive proliferation of 
fibroblasts in the intima, and various types of 
inflammatory cells are present throughout the 
entire wall of the artery. The same features with 
extensive fibrosis around the artery and disrup- 
tion of the elastic lamella are shown in another 
artery from the same site. (Fig. 3.) By micro- 
scopic examination of the postmortem tissues 
the diagnosis of polyarteritis nodosa was con- 
firmed and additional lesions were demonstrated 
in the ileum, stomach, liver, pancreas, adrenals 
and testes. Most of these lesions, however, were 
either healed or healing. 

Since this patient was treated rather heavily 
for four and one-half days with cortisone and 
ACTH, the question arises as to the role these 
two hormones may have played in the healing 
process. Figure 4 illustrates an artery from the 
mesentery near the site of the biopsy. There is 
still the marked fibrosis surrounding and in- 
volving all layers of this artery, but there are 
very few cells in the walls of the artery, and 
those cells which are present are those of chronic 
inflammation; there is no acute necrosis or poly- 
morphonuclear leukocytes. This certainly does 
not represent complete healing of the lesions, 
and it might be questioned whether the differ- 
ence between what was seen at operation and 
what was seen at autopsy was due to a beneficial 
effect exerted by cortisone. There are both 
clinical and experimental evidences that suggest 
cortisone does at least stop the progress of the 
disease. In a recent report from the Mayo 
Clinic,! two cases were reported in which 
muscle biopsies showed very active polyarteritis 


1 Baccenstoss, A. H., SHeck, R. M. and Po..tey, 
H. F. The effect of cortisone on the lesions of peri- 
arteritis nodosa. Am. J. Path., 27: 537-560, 1951. 
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nodosa before treatment with cortisone or 
ACTH. One patient died three weeks after 
treatment and the other patient after three 
months. At autopsy in neither were there any 
acute lesions; all of the lesions found were in a 
healed stage. Experimentally in the rabbit 
cortisone inhibits the occurrence of the lesions 
of serum sickness which are similar. I think that 
from this evidence we can say cortisone exerts a 
beneficial effect on the course of polyarteritis 
nodosa, but the difficulty in evaluating the 
spontaneous relapses and remissions of the 
disease should be borne in mind. 

This patient developed pain in the abdomen 
several days after operation. It may have been 
related to the anatomic finding of acute hemor- 
rhagic ileitis and the small segment of infarction 
at the site of the mesenteric biopsy. Figure 5 
shows a section of the ileum with this chronic 
inflammation. Chere are lesions of polyarteritis 
nodosa in this tissue; and although the mucosa . 
has sloughed, there is not the ischemic necrosis 
of all tissues as in an infarct. I would also like to 
point out that the pain described in the right 
inguinal region may have been related to the 
orchitis that was secondary to polyarteritis 
nodosa. 

The terminal event in this case was intra- 
peritoneal hemorrhage that arose from the site 
of the cholecystectomy. The bleeding started 
shortly after the operation and continued 
throughout the postoperative course, for there 
was gross and microscopic evidence of its 
beginning organization. 

Relative to the hematologic dyscrasia there 
was marked hyperplasia of the erythroid, 
myeloid and reticulum cells of the bone mar- 
row, but the number of megakaryocytes seemed 
reduced. This pleomorphic picture of cellular 
proliferation is quite unlike the overgrowth of 
a single cellular type that is found in leukemia. 
There was extramedullary blood cell formation 
in the liver, in the spleen, and to a marked 
degree in the tissues about the kidneys and in 
the periadrenal fat. The general histologic 
picture in the liver (Fig. 6) is complicated by the 
presence of both the extramedullary hemato- 
poiesis and the cells secondary to polyarteritis 
of the hepatic arteries. The mixed character 
of this cellular infiltrate distinguishes it from 
that of leukemia. Figure 7 shows the blood 
formation in the tissues about the kidneys which 
is almost identical in its appearance to the bone 
marrow. The hyperplasia of elements related 
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Fic. 2. Segmental necrosis of the media, diffuse infiltration of inflammatory cells and fibrous thickening of the 
intima in a mesenteric artery affected by polyarteritis nodosa. This lesion was from the biopsy specimen. 


Fic. 3. Perivascular fibrosis and disruption of the internal elastic membrane in another artery in the mesenteric 
biopsy; Verhoff stain for elastic tissue. 


Fic. 4. An artery from the mesentery at autopsy showing the persistence of fibrous changes but the absence of 
necrosis or acute inflammation in its walls. 


Fic. 5. The ileum showing sloughing of the mucosa, congestion and chronic inflammatory infiltration but no 
ischemic necrosis. This is an ileitis rather than an infarct and is related to the lesions of polyarteritis nodosa that 
were found in this organ. 


Fic. 6. Periportal infiltration and cells in the sinusoids of the liver. This pleomorphic cell picture represented a 
combination of the polyarteritis nodosa of the hepatic arteries and extramedullary hematopoiesis. 


Fic. 7. Extramedullary hematopoiesis in the tissue about the renal pelvis. The histologic picture is almost 
identical to that of the bone marrow. 
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to the reticuloendothelial system, particularly 
the reticulum cells, is reminiscent of changes we 
have recently observed in our experimental 
animals with polyarteritis nodosa. In _ the 
animals there are peculiar lesions in the spleen 
and lymph nodes that consist of marked hyper- 
plasia of reticulum elements in and about 
Malpighian bodies and follicles. The Mal- 
pighian body is made up essentially of lympho- 
cytes and these elements are made up entirely 
of reticulum cells. They seem to be a morpho- 
logic expression of the immune reaction of the 
animal to the agent used in inducing polyarteritis. 

In conclusion, we have a case of polyarteritis 
nodosa. There is some evidence that cortisone 
did exert a beneficial effect on the arterial 
lesions. There are changes in the body asso- 
ciated with the leukemoid reaction, and the 
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terminal event was intraperitoneal hemorrhage 
that was in turn probably related to the dis- 
ordered blood formation. 

Final Anatomic Diagnoses: Polyarteritis nodosa 
with healed and healing lesions in the mesen- 
tery, ileum, stomach, liver, pancreas, adrenals 
and testes; hyperplasia of the erythroid, myeloid 
and reticulum cells of the bone marrow with 
reduction in megakaryocytes; extramedullary 
hematopoiesis in the spleen, liver, parenchyma 
of the kidneys, tissues about the renal pelves 
and periadrenal fat; recent and partially organ- 
ized hemorrhage around the gallbladder bed; 
hemoperitoneum. 


Acknowledgment: Illustrations were made by 
the Department of Illustration, Washington 
University School of Medicine. 
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EOsINOPENIC RESPONSES TO VARYING DosEs OF 
INTRAVENOUS ACTH. H. W. McIntosh, M.D. 
(by invitation), R. A. Palmer, M.D., H. S. Robinson, 
M.D., E. P. Carruthers, M.D. (by invitation) and 
R. D. T. Cape, M.D. (by invitation). (From the 
Vancouver General Hospital, Vancouver, B. C., 
Canada.) 

On continuous intravenous administration of 

ACTH a characteristic curve was obtained by 
plotting the numbers of eosinophils found in the 
peripheral blood against units of time. It was 
considered that the type of curve obtained might 
vary with varying doses of the hormone and, if 
so, in quantitative significance. Six patients were 
given graded amounts of ACTH over an eight- 
hour period and the results were plotted on 
graphs. The results show that, apart from a small 
range between 0.075 and 0.175 mg./hour, the 
response is of the “‘all or none”’ type. Either there 
is a complete response as shown by a fall in 
eosinophils of 80 to 90 per cent in the eight-hour 
period or there is no significant fall at all. In the 
range mentioned above, however, there is a 
suggestion of an increasing response which will 
be illustrated. 
AMIDATION OF GLUTAMIC AcID By HuMAN BRAIN 
IN Vivo. G. S. Gordan, M.D., J. E. Adams, M.D. 
(by invitation), C. T. Anderson, M.D. (by invitation), 
E. Eisenberg, M.D. (by invitation), H. Harper, Ph.D. 
(by invitation) and Q. J. G. Hobson, M.D. (by invi- 
tation). (From the Langley Porter Clinic of the 
Department of Mental Health, State of Cali- 
fornia, the University of California, Divisions 
of Medicine, Neurological Surgery and Psy- 
chiatry, and the University of San Francisco, 
Department of Biology, San Francisco, Calif.) 

The original nitrous oxide technic of Kety and 
Schmidt permits quantitation of the rate of 
cerebral blood flow in man. Since mixed cerebral 
venous and arterial blood are sampled, arterio- 
venous differences can be determined for any 
substance which may be analyzed in blood. It is 
therefore possible to measure rates at which the 
measured substances are utilized and liberated. 

We have previously reported that the carbo- 


hydrate metabolism of brain is subject to endo- 
crine influence and that oxidation of glucose 
accounts for only part of the oxygen utilized by 
brain. In the course of this study we have meas- 
ured cerebral metabolic rates for other sub- 
strates. It was observed that glutamic acid is 
removed from blood by the brain at the rate of 
0.4 mg./100 gm. of brain/minute. Simultane- 
ously, glutamine is liberated at the rate of 
0.6 mg./100 gm. of brain/minute. Krebs (1935) 
and Weil-Malherbes (1938) observed a similar 
reaction in vitro. They found that energy for 
amidation of glutamic acid is supplied by the 
oxidation of glucose. We investigated the effect 
upon this reaction of desoxycorticosterone gluco- 
side (DCG) which interferes with the oxidation 
of glucose by the brain. Following the intrave- 
nous administration of DCG, a small amount of 
glutamic acid (0.2 mg./100 gm. of brain/ 
minute) is still taken up but glutamine is no 
longer liberated. A tentative hypothesis is that 
the energy derived from oxidation of glucose 
is no longer available to permit the reaction by 
which the brain excretes ammonia. 
OBSERVATIONS ON THE TREATMENT OF SYSTEMIC 
Lupus ErytTHEemaTosus. E. L. Dubois, M.D., 
R. R. Commons, M.D. and P. Starr, M.D. (by 
invitation). (From the Department of Medicine, 
University of Southern California School of 
Medicine, Los Angeles, Calif.) 

Seventy patients with systemic lupus erythe- 
matosus (L. E.) are the basis for this report. 
Thirty-six were treated with various regimens 
including ACTH and/or cortisone. Life ex- 
pectancy and the incidence of remission before 
and since the introduction of ACTH and corti- 
sone have been compared. In the latter group 
these observations were of interest: (1) Small 
doses of ACTH may produce a clinical remis- 
sion, yet massive doses may not be adequate in 
fulminating L. E. (2) If a “‘cushingoid” ap- 
pearance is obtained there is usually a simul- 
taneous remission of the L. E. The appearance 
and remission may be maintained on small 
doses of ACTH or cortisone. All patients showed 
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hypersensitivity to the immediate pressor effects 
of ACTH. (3) Differentiation of symptoms of 
L. E. from complications of therapy is impor- 
tant. Convulsions, psychoses and edema from 
either cause may have similar manifestations. 
(4) Female patients with active L. E. have been 
given massive doses of testosterone esters for as 
long as five weeks without the production of 
virilization. (5) Clinical and laboratory findings 
of hyperthyroidism have become apparent in 
two of eight patients treated with massive doses 
of ACTH and cortisone. (6) Nephropathy has 
developed in four of six patients who have been 
on maintenance cortisone therapy over six 
months. (7) The course of the disease appears to 
be altered by therapy with ACTH and/or 
cortisone. No spontaneous remissions have been 
seen in treated patients. 

THEORETIC AND PRACTICAL CONSIDERATIONS OF 
THE COMBINED Usr oF ACTH, CorTISONE AND 
CHEMOTHERAPY IN THE MANAGEMENT OF GEN- 
ERALIZED PeErRITONITIs. L. Boling, M.D., P. 
Baxter, M.D. (by invitation), J. Bertino, M.D. (by 
invitation), L. W. Kinsell, M.D., L. Lewis, M.D., 
S. Margen, M.D., A. Meyer, M.D. (by invitation), 
J. Newkirk, M.D. (by invitation), J. Partridge, 
M.D., G. Stephens, M.D. (by invitation), R. Stone, 
M.D. (by invitation) and R. Winkler, M.D. (by 
invitation). (From the Institute for Metabolic 
Research, Highland Alameda County Hospital, 
Oakland, Calif.) 

Adrenal steroids appear to exert a non-specific 
antitoxic effect in a wide variety of toxic states. 
For this reason it was deemed advisable to 
administer ACTH and cortisone to individuals 
suffering from severe infections which fail to 
respond adequately to chemotherapy. To date 
they have been used in a wide variety of such 
infections, in many instances with salutary re- 
sults. A major hazard attendant upon their 
use is the temporary masking of the systemic 
manifestations of advancing disease. 

Generalized peritonitis has become a lesser 
hazard since the availability of potent anti- 
biotics. Nonetheless a significant number of 
patients, particularly those in whom the process 
has progressed for several days before the 
chemotherapy is begun, respond poorly. The 
administration of ACTH and/or cortisone will 
result in immediate improvement in a significant 
number of such individuals. 

On the basis of observation in one patient, it 
appears also that ACTH and cortisone adminis- 
tration to a patient with tuberculous peritonitis 
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in whom chemotherapy alone was ineffective 
resulted in progressive improvement in peri- 
toneal and pulmonary lesions. 

ComBINED Use oF ACTH, CorTIsoneE AND 
CHEMOTHERAPY IN TUBERCULOUS AND Non- 
TUBERCULOUS MENINGITIS. J. Bishop, M.D., 
P. Baxter, M.D. (by invitation), J. Bertino, M.D. 
(by invitation), L. W. Kinsell, M.D., L. Lewis, 
M.D., S. Margen, M.D., A. Meyer, M.D. (by 
invitation), J. Newkirk, M.D. (by invitation), 
J. Partridge, M.D., G. Stephens, M.D. (by invita- 
tion), R. Stone, M.D. (by invitation) and R. Winkler, 
M.D. (by invitation). (From the Institute for 
Metabolic Research, Highland Alameda County 
Hospital, Oakland, Calif.) 

In tuberculous infections it was believed that 
the “‘lytic effect’’ of adrenal steroids upon fibrous 
connective tissue might result in exposure of 
previously walled-off organisms to the action of 
streptomycin. ACTH and cortisone have been 
administered to several patients with tubercu- 
lous meningitis and to two patients with severe 
non-tuberculous meningitis who failed to respond 
to chemotherapy. From the data thus far ob- 
tained it appears that joint hormonal-chemo- 
therapy, in conjunction with an adequate pro- 
gram of nutrition, and with constant alertness to 
the development of secondary infection, will 
result in diminution in morbidity and mortality 
compared to the use of chemotherapy alone. 
CoccIDIOIDAL PERICARDITIS. R. K. Larson, M.D. 
and R. W. Huntington, M.D. (introduced by H. E. 
Martin, M.D.). (From the Kern General Hos- 
pital, Bakersfield, Calif.) 

Three cases of pericarditis which we believe 
to be of coccidioidal origin are presented. 

A forty-nine year old Negro male was ad- 
mitted to the hospital because of severe sub- 
sternal pain. A pericardial friction rub and the 
characteristic changes in the electrocardiogram 
established the diagnosis of pericarditis. The 
coccidioidal etiology was established by skin 
sensitivity and a positive complement fixation 
test. Over a nine-month period there was 
progressive improvement without dissemination. 

A twenty-six year old Negro male was also 
admitted because of substernal and precordial 
pain. The electrocardiograms presented ab- 
normalities compatible with pericarditis. The 
coccidioidal etiology was established by positive 
complement fixation and precipitin tests. 

A sixty year old white male who was admitted 
because of congestive heart failure expired with- 
in a few days. At necropsy, in addition to an 
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extreme pulmonary emphysema and cor pul- 
monale, a rather remarkable chronic adhesive 
pericarditis was discovered. Microscopic ex- 
amination of the pericardium revealed small 
granulomas but special stains failed to reveal 
any tubercle bacilli. One clear circular structure 
with a capsular wall was identified in a giant 
cell in the pericardium. This was thought to be 
a coccidioidal spherule and search in sections 
through a granulomatous lesion of the left lung 
revealed numerous other coccidioidal spherules. 
No evidence of dissemination was found in the 
remainder of the necropsy. . 

Although coccidioidomycosis has never been 

presented as a cause of pericarditis except as an 
incidental necropsy finding in disseminated 
cases, we believe that coccidioidal pericarditis 
can occur without dissemination and must be 
considered in the differential diagnosis of all 
cases of pericarditis when the patient lives or 
has traveled in an endemic area. 
RELATIONSHIP OF PosT-STREPTOCOCCAL ELEC- 
TROCARDIOGRAPHIC ABNORMALITIES TO RHEU- 
MATIC FEVER ABD THEIR REDUCTION By ANTI- 
BIoTIC THERAPY. EF. O. Hahn, Major, M.C., 
A.U.S., G. C. Eckhardt, Capt., M.C., A.U.S. (by 
invitation) and D. Stowens, Capt., M.C., A.U.S. (by 
invitation). (From the Streptococcal Disease 
Laboratory, Francis E. Warren Air Force Base, 
Wyoming, and the Department of Preventive 
Medicine, Western Reserve University School 
of Medicine, Cleveland, Ohio.) 

A controlled study was undertaken to deter- 
mine the relationship of post-streptococcal 
electrocardiographic abnormalities to rheu- 
matic fever and the effect of antibiotic therapy 
of acute streptococcal infections on the occur- 
rence of subsequent carditis. 

Four treatment groups of patients with 
clinical and laboratory evidence of streptococcal 
infections, with simultaneous untreated control 
patients, were studied. Aureomycin, terramycin 
and two dosage schedules of penicillin were em- 
ployed as therapy. Six electrocardiograms were 
obtained at fixed intervals over a period of three 
weeks after the onset of the clinical infection. 
Patients were questioned concerning symptoms 
of rheumatic fever at each of these examinations. 

A definite relationship between the electro- 
cardiographic abnormalities studied and symp- 
toms of rheumatic fever was demonstrated. It 
was found that therapy over a sufficient length 
of time reduced not only the incidence of overt 
rheumatic fever but, to a lesser degree, electro- 
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cardiographic abnormalities. In the treated 
groups more of these abnormalities occurred 
without symptoms of rheumatic fever which led 
to the possibility that therapy masked overt 
rheumatic fever in many instances. It is be- 
lieved that more prolonged periods of antibiotic 
administration will be necessary to further 
reduce the incidence of post-streptococcal 
carditis. 

THe HEART IN Muscutar Dystropny. A. A. 
Sandberg, M.D. (by invitation), H. H. Hecht, M.D. 
and F. H. Tyler, M.D. (From the Department of 
Medicine, University of Utah College of Medi- 
cine, Salt Lake City, Utah.) 

Heart disease associated with muscular dys- 
trophy has been reported but there have been 
no examinations of large groups. The severe 
physical disability of these patients makes the 
usual methods of cardiac evaluation impossible 
or meaningless and perhaps explains the infre- 
quent occurrence of overt congestive failure 
which, however, has occurred in a number of 
instances. We have studied 400 patients with 
disorders of muscle; of these, sixty had cardiac 
abnormalities on physical, electrocardiographic 
and/or x-ray examination, or by cardiac 
catheterization studies. Our clinical findings are 
supported by five postmortem examinations. 

Although the usual types of heart disease were 
observed in all groups, cardiac abnormalities 
occurring as a part of the muscular disease itself 
were observed in patients only with childhood 
progressive muscular dystrophy or myotonia 
dystrophica. This type of heart disease was not 
observed in patients with facioscapulohumeral 
dystrophy. Twenty-nine of thirty-two cases of 
the childhood type had persistent sinus tachy- 
cardia, definite electrocardiographic abnormali- 
ties and/or decreased cardiac excursions on 
fluoroscopy. Cardiac output was normal in two 
instances and total pulmonary and peripheral 
resistances were low. Extensive fibrosis and 
cellular changes in the myocardium were 
demonstrable in the absence of vascular or 
valvular disease. 

In older subjects with myotonic dystrophy 
similar abnormalities were noted including 
electrocardiographic changes; in one instance, 
normal output values with low resistances were 
present in both circulations. In two subjects 
death resulted from congestive heart failure 
and pronounced fibrosis was found in the 
myocardium. 

Involvement of cardiac musculature is a 
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common occurrence in certain types of muscular 
dystrophy. 

PROTEINURIA IN EXPERIMENTAL RENAL DISEASE. 
L. J. Rather, M.D. (introduced by E. Jawetz, 
M.D.). (From the Department of Pathology, 
Stanford University School of Medicine, San 
Francisco, Calif.) 

The interrelationship of proteinuria, hyper- 

tension and renal lesions has been studied in 
groups of rats subjected to each of the following 
procedures: (1) removal of one kidney, exposure 
and handling of the other; (2) removal of one 
kidney, constriction of the other with a figure- 
of-eight ligature; (3) removal of one kidney and 
one-half of the other. In rats of groups (2) and 
(3) there is a gradual linear increase of protein 
in the urine so that by the end of the fourth post- 
operative month the animals are excreting about 
fifteen and one hundred times the basal protein 
excretion of males and females, respectively. 
Male rats of group (1) show a small but definite 
increase in protein excretion. The development 
of proteinuria in these animals is independent 
of the development of hypertension, does not 
occur during the postoperative phase of restora- 
tion of lost renal tissue and in the group (3), at 
least, is not affected by adrenalectomy. It coin- 
cides with the development of intercapillary 
and extracapillary glomerular lesions with much 
resemblance to those seen in human glomeru- 
lonephritis, and tubular lesions characterized 
by the occurrence of athrocytic phenomena, 
focal tubular distention and atrophy. 
EFFEcT OF NITROGEN MusTARD UPON CHRONIC 
GLOMERULAR Nepuritis. R. J. Boyd, M.D. (by 
invitation) and R. R. Commons, M.D. (From the 
University of Southern California School of 
Medicine, Los Angeles, Calif.) 

Nitrogen mustards, spray radiation, ACTH 
and cortisone have been shown to alter serum 
complement and the course of diseases resem- 
bling glomerular nephritis in animals. Chasis, 
Goldring and Baldwin reported that nitrogen 
mustard transiently alters the proteinuria and 
some of the clinical manifestations of glomerular 
nephritis in man. 

The long-term effects of nitrogen mustard 
upon patients with chronic glomerular nephritis 
in the degenerative (edematous) phase will be 
reported. HN» [methyl bis (beta chloroethyl) 
amine hydrochloride], intravenously, and tri- 
ethylene melanine orally have been used. Dose 
range experience is greater for the former. 

Data are presented on three patients followed 
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longer than one year and seven followed for a 
shorter period. Significant rise of serum albumin 
concentration commencing seven to nine months 
after therapy has occurred in all patients fol- 
lowed for a year. Protein excretion in the urine 
has decreased transiently with the drug but a 
persistent decrease commenced several months 
later in six of seven patients with glomerular 
nephritis followed longer than four months. 


-There was no alteration in one patient with 


amyloid disease. Persistent relief from edema 
has been observed in three patients followed for 
a year. There has been one failure to relieve 
edema and several recurrences that have 
responded to a second dose. Uremia has not been 
present in the group. Some patients had minimal 
nitrogen retention and in these there has been a 
slight but statistically significant reduction to- 
ward normal. One death is reported. 

Lipip StupiEs IN PATIENTS WITH ADVANCED 
D1aBETIC ATHEROSCLEROSIS. L. T. DeWind, M.D. 
(by invitation), G. D. Michaels, M.D. (by invitation) 
and L. W. Kinsell, M.D. (From the Institute for 
Metabolic Research, Highland Alameda County 
Hospital, Oakland, Calif.) 

A group of twenty-four diabetic patients with 
advanced atherosclerosis, many of them having 
lost extremities as the result of atherosclerotic 
involvement, were studied: (1) to evaluate the 
effect of various “‘lipotropic agents” upon dia- 
betes as evidenced by insulin requirement and 
the levels of certain blood lipid components; 
(2) to determine whether any correlation ex- 
isted between certain lipid components of the 
blood including total phospholipids, total cho- 
lesterol, cholesterol esters and the lipoprotein 
fraction denoted S;i0-20; (3) to determine the 
presence or absence of correlation between the 
level of the above lipid components and the 
atherosclerotic process. 

No significant changes in the diabetic state 
or in blood lipids were observed in patients 
receiving relatively large amounts of inositol or 
choline. Depression of serum cholesterol esters, 
serum phospholipids and serum lipoprotein was 
observed in most patients receiving testosterone 
propionate in a dose of 25 mg. daily. Some 
changes in insulin requirement were also noted. 
These changes were not constant. Serum total 
cholesterol, lipoprotein, cholesterol ester and 
phospholipid values varied over a wide range. 
No obvious correlation between any of the lipid 
fractions and the atherosclerotic process was 
found. Linear mathematical correlation was 
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noted between the lipoprotein and total cho- 
lesterol; lipoprotein and cholesterol esters; 
cholesterol esters and serum phospholipids. 

It is concluded (1) that testosterone propion- 

ate appeared to have some effect upon certain 
lipid constituents of the blood and (2) that 
there was no obvious correlation between any 
of the lipid components studied and the athero- 
sclerotic process. 
LIPOPROTEINS OF SERUM IN NORMAL AND DIA- 
BETIC CHILDREN. C. H. Kempe, M.D., H. K. 
Silver, M.D., J. Carr, M.D. (by invitation), F. S. 
Smyth, M.D. (by invitation), J. W. Gofman, M.D. 
and H. B. Jones, M.D. (by invitation). (From the 
Division of Pediatrics, University of California 
School of Medicine, San Francisco, Calif., and 
the Donner Laboratory, Division of Medical 
Physics, and Radiation Laboratory, University 
of California, Berkeley, Calif.) 

Measurements of the concentration of S; 1;—~20 
lipoprotein molecules were made in the sera of 
147 normal children ranging in age from birth 
to fifteen years, and in the sera of twelve women 
and their newborn infants. Levels of S; 11~20 
lipoprotein molecules were also determined in a 
group of forty-six juvenile diabetics. 

Values obtained for the group of normal male 
children show them to be similar to those ob- 
tained from normal female children and ap- 
proximating those for normal female adults 
between the ages of twenty-one and thirty years. 
They are significantly lower than those of 
normal male adults of this age group. Newborn 
infants had lower levels of this class of molecules 
than their own mothers in each instance. Levels 
were found to be unrelated to the daily intake 
of fat per unit body weight in the pediatric age 
group. No correlation with analytical serum 
cholesterol was found. 

Values obtained for diabetic girls were higher 

than those for diabetic boys. These diabetic 
boys, however, have serum levels of the S; 11~2¢ 
molecules higher than their normal counter- 
parts. No correlation was found between these 
levels and the duration and severity of the 
diabetic state, dietary intake of fat or the serum 
cholesterol levels. 
PROGNOSIS FOR SURVIVAL IN THE LEUKEMIAS OF 
CuiLpHoop. H. Tivey, B.A. (From the Depart- 
ment of Medicine, Division of Experimental 
Medicine, University of Oregon Medical School, 
Portland, Ore.) 

The available literature has been reviewed to 
establish a base line for the prognosis of the 
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survival in children with leukemia treated by 
methods other than the use of antifolic acid 
drugs, ACTH or cortisone. The distribution of 
the survival times from onset of symptoms to 
death is markedly skewed so that an “‘average”’ 
survival time is a misleading estimate of the 
prognosis for a group of such patients. The 
complete data on survival of a series of such 
cases may be readily summarized on_log- 
probability paper and applications of this 
technic are made to analyze all data reviewed. 
From such analysis the physician can expect 
50 per cent of the children with leukemia given 
supportive therapy (not including antifolic acid 
compounds—ACTH or cortisone—or the newer 
antibiotics on which no data are available) to 
live approximately four months after the onset 
of first definitive symptoms. About 10 per cent 
of his patients will survive for as long as one year. 
Therapy must then be planned to extend over a 
period of months, not merely days or weeks. At 
the time of review no critical evaluation of the 
effects of ACTH, cortisone or antifolic acid com- 
pounds on survival time of these patients could 
be made; neither could it be shown that the 
prognosis for survival of children with lympho- 
cytic leukemia differs from that of children with 
the less common granulocytic or monocytic 
leukemias. 

PRODUCTION OF PosITIVE ANTIGLOBULIN SERUM 
Test (Coomps TEsT) IN RABBITS BY THE INTRA- 
PERITONEAL INJECTION OF Homo.ocous BLoop. 
C. K. Liu, M.D. (by invitation) and R. S. Evans, 
M.D. (From the Department of Medicine, 
Stanford University School of Medicine, San 
Francisco, Calif.) 

Studies of acquired hemolytic anemia indicate 
that the red cell sensitizing agent is a fraction of 
plasma protein similar in many ways to iso- 
antibodies, but it is not known what conditions 
are necessary for its production. Since it appears 
to be an antibody specific for human red cells, 
attempts to produce the disease experimentally 
should include attempts to sensitize the animal 
to an antigen in homologous red cells. 

Twelve rabbits were given injections of their 
own blood after removal by cardiac puncture 
weekly or biweekly for a period of four to eight 
weeks. Three animals developed a transiently 
positive antiglobulin serum test (Coombs test) 
with a reagent made by injecting rabbit serum 
into guinea pigs (anti-rabbit guinea pig serum). 
Fourteen rabbits receiving injection of red cell 
stroma which had been incubated either in 
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streptococcus filtrate, rabbit kidney emulsion or 
rabbit liver emulsion failed to develop positive 
agglutination test with the same reagent. None 
of the injected rabbits showed evidence of 
hemolytic anemia. 

Use oF INTRAVENOUS IRON IN IRON DEFICIENCY 
ANEMIAS OF CHILDHOOD. J. C. Bramham, M.D. 
(by invitation), H. B. Bruyn, M.D., M. B. Olney, 
M.D. (by invitation) and J. P. Conrad, M.D. (by 
invitation). (From the Division of Pediatrics, 
University of California School of Medicine, 
San Francisco, Calif.) 

In the metabolism of iron in humans the 
importance of the iron reserve stored principally 
in the liver and spleen is often overlooked. In 
treating iron deficiency anemias increase in 
hemoglobin does not reflect the state of the iron 
reserves. It has been shown by Haskins, Finch 
and Finch that from six to twelve months are 
required to restore the reserves by giving oral 
iron. Finch has shown that intravenous iron 
rapidly replenishes depleted stores. Term infants 
exhaust the iron stored in the liver and spleen 
by six months of age. Children are slower than 
adults in replenishing the depleted storage iron, 
probably because of the constant large iron re- 
quirements for growth. The difficulty of main- 
taining iron reserves occurs especially from six 
to twenty-four months of age, a time when 
hypochromic anemias are most common. Com- 
plete therapy of hypochromic anemias should 
provide iron for storage as well as immediate 
hemoglobin formation. If the anemia is cor- 
rected but the stores are left depleted, there is 
little reserve to meet subsequent emergencies 
involving iron metabolism. 

Twenty infants and children with iron defi- 
ciency anemia were studied to evaluate the 
effects of intravenous saccharated iron oxide. 
The total dosage of intravenous iron was calcu- 
lated with the formula: 4.1 X weight in kg. 
X Hg deficit. This dosage in milligrams of iron 
provides 50 per cent extra for the iron 
reserves. Individual injections ranged from 23 to 
200 mg., the initial dose being between 50 and 
100 mg. 

Hemoglobin responses were more rapid than 
those reported in adults, average daily increase 
being 0.33 gm. Initial hemoglobin determina- 
tions varied from 3.0 to 11.0 gm./100 ml., while 
final hemoglobin values were from 11.0 to 
14.5 gm./100 ml. Even in the face of severe 
infection many showed a rapid response. Slow 
responses were noted only when there was severe 
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infection and the anemia was mild. No toxic 
symptoms were observed. 

IMMEDIATE HEMATOLOGIC EFFECTS OF INTRAVE- 
NOUS SACCHARATED [RON OxIDE IN Man. L. 
White, M.D. (by invitation), K. H. Kelly, M.D., 
F. Cordes, M.D. (by invitation), F. S. Brooks, M.D. 
(by invitation), R. L. Byron, Jr., M.D. (by invita- 
tion) and H. R. Bierman, M.D. (From the Labora- 
tory of Experimental Oncology, National Cancer 
Institute, National Institutes of Health, U.S.- 
P.H.S. and the Division of Medicine, University 
of California School of Medicine, San Francisco, 
Calif.) 

Saccharated iron oxide administered intra- 

venously in man is accompanied by a prompt 
leukopenia within five minutes. By simultaneous 
arterial and venous blood sampling from various 
points in the circulation, the leukopenia has 
been found to result from withdrawal of leuko- 
cytes in the lungs. The magnitude of leukocyte 
removal is related to the rate and amount of 
saccharated iron oxide infused. The granulo- 
cytes are primarily involved. The leukopenia 
persists for five to fifteen minutes. When blood 
samples were obtained downstream from the 
point of injection and accordingly contained 
large amounts of iron, the clotting power of the 
venous blood samples during the period of in- 
fusion was markedly enhanced. There was no 
comparable alteration in the platelet counts. 
The significance and implications of these find- 
ings will be discussed. 
BLoop FLow HuMAN Bone Marrow as 
DETERMINED BY THE CLEARANCE RATE OF 
Rapiorop1nE (I!*") LEUKEMIA AND NEOPLASTIC 
Diseases. N. L. Petrakis, M.D. and S. P. Mas- 
ouredis, M.D. (From the Laboratory of Experi- 
mental Oncology, National Cancer Institute, 
National Institutes of Health, U.S.P.H.S. and 
the Division of Medicine, University of Cali- 
fornia School of Medicine, San Francisco, 
Calif.) 

While considerable data are available on the 
rates of blood flow in many organs, no clinical 
studies have been made on the conditions of blood 
flow in human bone marrow. This neglect is due, 
no doubt, to the technical difficulties encoun- 
tered in gaining access to the blood vessels of 
this diffuse organ in the intact organism. 

In this study the relative rates of marrow 
blood flow were measured by use of the Kety 
isotope clearance technic following the injection 
of radioiodide into the bone marrow in over 
forty patients with a variety of neoplastic 
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diseases and leukemias. For purposes of com- 
parison, radioiodide clearance studies were made 
simultaneously in the gastrocnemius muscle. 
Strikingly rapid rates of radioiodide clearance 
(blood flow) were obtained in the marrow of 
patients with acute leukemia, multiple myeloma 
and in some patients with chronic lymphatic 
leukemia. In chronic myelocytic leukemia and 
monocytic leukemia the clearance rates were 
similar to those obtained in normal and non- 
leukemic patients suggesting that a difference 
exists in the state of bone marrow circulation 
within the leukemic group of diseases. The 
significance of the data obtained with respect to 
disease, marrow cytology, hemoglobin level, 
circulatory status and other factors will be 
discussed. 

Uptake IN TREATED HyPERTHYROIDISM. 
F. K. Bauer; M.D.(From the Radioisotope Unit, 
Veterans Administration Center, Los Angeles, 
Calif.) 

By means of the scintillation tube, using doses 
as small as one microcurie of I'*! orally, it has 
become possible to repeat diagnostic tracer 
studies several times without hazard to the pa- 
tient. Sixty hyperthyroid patients were studied. 
Thirty-two have been treated with therapeutic 
doses of I'*!, six by surgery, four with thiourea 
derivatives and one with Lugol’s solution. The 
remainder of the patients had been treated by 
surgery or thiourea derivatives in the past. 

Previous observations by other investigators 
on the initial rapid rate of accumulation of I1*! 
by the thyroid in hyperthyroidism were con- 
firmed. Treated hyperthyroid patients in re- 
mission were found to have a reduced total 
amount of I'*! accumulated by the thyroid but 
retained their rapid rate of uptake. Several pa- 
tients with suspected hyperthyroidism were 
found to accumulate a normal maximum 
amount of I1*! but to have a rapid rate of up- 
take. These patients are being followed clinically 
and by means of repeated diagnostic tracer 
studies to see whether the rate of uptake regresses 
or whether it and the total pick-up increase. 
BLoop VOLUME EXPANSION PRODUCED BY DEx- 
TRAN, GELATIN AND PuiasMA. G. M. Hyde, M.D. 
(by invitation), N. I. Berlin, M.D., L. M. Meyer, 
M.D. (by invitation), R. J. Parsons, M.D. and B. 
Whittington, M.D. (by invitation). (From the 
Donner Laboratory of Medical Physics, Uni- 
versity of California, Berkeley, Calif., and High- 
land Alameda County Hospital, Oakland, Calif.) 

The blood volume changes following the ad- 
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ministration of 500 cc. of dextran (6 per cent), 
gelatin (5 per cent), plasma and saline were 
studied in twenty-three patients. The blood 
volume was determined with P*® labeled red 
blood cells according to a modification of the 
method of Hevesey and Zerahn. The magnitude 
and duration of the blood volume expansion 
were determined by repeated measurements of 
the quantity of P** per cc. of blood with correc- 
tion for the amount of P*? lost from the cells 
during the period of study. These three plasma 
volume expanders were compared for a twenty- 
hour period. Dextran and gelatin gave compar- 
able results which were greater both in magni- 
tude and duration than those obtained with 
plasma. An average maximum increase in the 
blood volume of approximately 1,500 cc. was 
noted for the dextran, 1,200 for gelatin and 
1,000 for plasma, with no significant change 
produced by saline. 
EFFECTS OF EXERCISE ON PERIPHERAL VENOUS 
PRESSURE IN RELATION TO BLOOD VOLUME, 
CARDIAC COMPETENCE AND PULMONARY ARTE- 
RIAL PRESSURE IN HEART DisEAsE. E. Brown, 
M.D., D. D. Daniels, M.D. (by invitation), H. R. 
Fluss, M.D. (by invitation), J. Hopper, Jr.. M.D. 
(by invitation), J. D. Lange, M.D. (by invitation) 
and B. P. O’Connell, M.D. (by invitation). (From 
the Division of Medicine, University of Cali- 
fornia School of Medicine, San Francisco, Calif.) 
In ten experiments on five patients suffering 
from diseases involving the left ventricle pri- 
marily (group A) and in nineteen experiments 
on sixteen patients with either pulmonary disease 
or rheumatic mitral valvulitis (group B), the 
following procedures were carried out: After 
rest in recumbency for thirty minutes or more, 
blood volume was measured by both T-1824 
and carbon monoxide methods. Venous pressure 
was measured continuously by saline manometer 
or strain gauge during five minutes of rest, five 
minutes in which approximately 3,500 foot- 
pounds of external work was performed by 
weight-lifting in a foot treadle and five minutes 
of recovery. Heart rate, respiratory rate and 
depth, and chest position were recorded during 
the same continuous fifteen-minute period. In 
seventeen experiments on thirteen healthy sub- 
jects, the same procedures were done, except 
that blood volume was not always measured. 
Resting venous pressure exceeded 15 cm. 
saline in only three patients, all of whom had 
increased blood volume. In group A the rise 
of venous pressure during and after exercise was 
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significantly greater than the controls only when 
blood volume was expanded (20 to 60 per cent 
above predicted normal). Conversely, in group 
B no correlation was found between blood 
volume and the response of venous pressure to 
exercise, very high curves and delayed recovery 
being observed in several normovolemic pa- 
tients. In two group B patients improved cardiac 
competence following quinidine conversion of 
auricular fibrillation was reflected by lower 
venous pressure curves. The presence and 
severity of pulmonary hypertension were re- 
flected by the venous pressure response to 
exercise in five of six patients whose mean resting 
pulmonary arterial pressures, measured directly 
by venous catheter, were between 17.5 and 
58.5 mm. Hg. 

The results support the concept that, in 

cardiac patients, whereas resting venous pres- 
sure is largely dependent upon blood volume, 
changes in pressure resulting from exercise are 
dependent on the competence and work load of 
the right ventricle. 
A CLINICAL AND PHysIOLOGIC APPRAISAL OF 
VatvuLotomy. H. N. Hultgren, M.D. 
(From the Departments of Medicine and 
Surgery, Stanford University School of Medi- 
cine, San Francisco, Calif.) 

Clinical and physiologic studies have been 
made before and at varying intervals after 
surgery in selected cases of mitral stenosis in an 
effort to answer the following questions: (1) 
What proportion of patients operated upon are 
improved? (2) What is the degree and duration 
of improvement attained? (3) Does marked 
pulmonary hypertension adversely affect the 
results of surgery? (4) Does clinical improvement 
parallel physiologic improvement? 

Studies performed in seven patients yielded 
the following results: (1) Five patients demon- 
strated distinct clinical and physiologic im- 
provement after surgery; two patients were not 
benefited. (2) Improvement consisted of lower- 
ing of postoperative pulmonary artery pressures 
at rest and during exercise and an increase in 
cardiac output during exercise compared to pre- 
operative measurements. Improvement has been 
sustained for over a year in two patients. (3) Two 
patients with severe pulmonary hypertension 
have been greatly improved by surgery. (4) In 
all cases the degree of clinical and physiologic 
improvement were comparable. In two cases 
with little physiologic benefit the degree of 
clinical improvement was minimal or absent. 
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THE PossiBILiry OF DETERMINING ToTAL Bopy 
WATER IN EDEMATOUS HUMANS BY THE ADMINIS- 
TRATION OF DEUTERIUM OXIDE ORALLY AND THE 
DETERMINATION OF ITs CONCENTRATION. W. W. 
Hurst, M.D., Portland, Ore., and F. R. Schemm, 
M.D., Great Falls, Mont. 

Six patients with edema, four with severe 
cardiac disease and two children with nephritis 
in the so-called nephrotic stage, were given from 
20 to 55 cc. of deuterium oxide by mouth. After 
from fourteen and a half to sixteen hours, allowed 
for complete distribution and equilibration, 
determination of the concentration of the D,O 
in the blood and urine (and in either abdominal 
or chest fluid in four of the six cases) was carried 
out by methods previously described. Correc- 
tions were made for the loss of D,O in the urine 
which was elaborated during the fourteen- to 
sixteen-hour periods. The same procedure was 
carried out in the six patients after the loss of 
their edema. 

The results were not discouraging: the total 

loss of weight for the six patients was 42.4 kg. 
and the total loss of body water based on the 
D,.O determinations was 39.2 L.; except for one 
case, the differences were negligible and could 
be easily accounted for by a deficient caloric 
intake and a consequent tissue weight loss. In 
the four cases in which D.O levels were ob- 
tained in pleural or ascitic fluid complete 
equilibration with the blood levels was noted. 
In only one patient the urine/blood ratio 
exceeded 1.025. The data of this preliminary 
report suggest the possibility in suitable cases of 
determining total body water in edematous 
patients by giving deuterium oxide orally and 
determining the concentration of the deuterium 
oxide in the urine. 
SERUM PortassIUM PATTERNS IN ANURIA AND 
OuicuriA. H. R. Fluss, M.D., J. Hopper, Jr., 
M.D. and B. P. O’Connell, M.D. (introduced by 
E. Brown, M.D.). (From the Division of Medi- 
cine, University of California School of Medi- 
cine, San Francisco, Calif.) 

Critically elevated serum K concentrations 
have been rare in our patients with anuria and 
oliguria if not complicated by special circum- 
stances known to provide a rich source of potas- 
sium to the extracellular fluids. This finding 
may relate to the liberal amount of glucose used 
in treatment. 

A group of patients, regarded as showing 
typical serum K concentrations in the course of 
uncomplicated renal insufficiency accompanied 
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by anuria and oliguria, will be compared toa 
second group in whom apparently dangerous 
serum K concentrations were reached. Analysis 
of this latter group revealed (1) rather complete 
disorganization of the blood chemical patterns 
and fluid compartment relationships, and (2) 
frequent occurrence of unusual circumstances 
to which the high serum K concentrations could 
be related. Death occurred in several patients 
showing electrocardiographic patterns con- 
sistent with K intoxication, a'though serum 
concentrations were only about 9 mEq./L. One 
patient survived a moderately prolonged eleva- 
tion of serum K of approximately 9 mEq./L. 
Electrocardiographic changes beginning to indi- 
cate K intoxication were reversed while this 
patient was receiving digitalis although K con- 
centration remained essentially unchanged. 
Reversal of K effect with digitalis has been 
shown in heart-lung preparations. 

When death occurs in renal insufficiency, 
sufficient derangements exist in the fluid volume 
and chemical components of the body fluid to 
suggest that they may well be contributory. 
EFFECTS OF THE INTRA-ARTERIAL ADMINISTRA- 
TION OF EPINEPHRINE INTO THE SPLEEN. R. L. 
Byron, M.D. (by invitation), K. H. Kelly, M.D., 
L. White, M.D. (by invitation), F. Cordes, M.D. 
(by invitation), A. M. Littman, M.D. (by invitation) 
and H. R. Bierman, M.D. (From the Laboratory 
of Experimental Oncology, National Cancer 
Institute, National Institutes of Health, U.S.- 
P.H.S., Federal Security Agency, and the 
Division of Medicine, University of California 
School of Medicine, San Francisco, Calif.) 

The role of the spleen in the leukocytosis 
following epinephrine is often attributed to the 
release of leukocytes from the spleen by its 
active contraction. A similar leukocytosis oc- 
curs, however, in some patients whose spleens 
have been removed. 

By introducing epinephrine into the splenic 
artery via an intra-arterial catheter in eight 
patients, and sampling blood frequently and 
simultaneously from the pulmonary conus or 
hepatic vein and from a large peripheral artery, 
it has been possible to determine the magnitude 
and time relationship of leukocyte flow from 
the spleen and liver, into the right heart and 
from the lungs. Timed roentgenographic ex- 
posures with splenic arteriography have demon- 
strated the marked constrictive effect of epineph- 
rine upon the splenic artery and its branches. 
The data suggest a major component of empty- 


ing, rather than primarily active contraction as 
responsible for the decrease in size of the spleen. 

The findings indicate that the leukocytosis 
observed after intravenous or _intrasplenic 
arterial administration of epinephrine is initially 
from the pulmonary leukocytic reservoir and 
from the spleen only in small quantities two to 
four minutes later. 
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ComsBINnED Use oF ACTH, CorTISONE AND 
CHEMOTHERAPY IN PULMONARY AND GENITO- 
URINARY TUBERCULOSIS. A. Meyer, M.D. (by 
invitation), G. Stephens, M.D. (by invitation), P. 
Baxter, M.D. (by invitation), J. Bertino, M.D. (by 
invitation), J. Bishop, M.D., L. Boling, M.D., 
L. W. Kinsell, M.D., L. Lewis, M.D., S. Margen, 
M.D., J. Newkirk, M.D. (by invitation), J. Part- 
ridge, M.D., R. Stone, M.D. (by invitation) and 
R. Winkler, M.D. (by invitation). (From the 
Institute for Metabolic Research, Highland 
Alameda County Hospital, Oakland, Calif.) 

It was believed that a careful exploration of 
the use of ACTH and cortisone in patients with 
pulmonary tuberculosis in conjunction with 
chemotherapy should be made. To date (except- 
ing only one patient with peritonitis, as well as 
pulmonary involvement) only patients with 
tuberculous involvement in which the prognosis 
was essentially hopeless have been treated. Such 
patients had already received an adequate trial 
of chemotherapy and of other conventional 
forms of therapy. It appears that some patients 
may be prepared for pneumonectomy and 
lobectomy who would otherwise be considered 
completely inoperable. Tracheobronchitis, un- 
responsive to chemotherapy, will improve. At 
present it is believed that these patients should 
receive relatively small dosage of ACTH or 
cortisone and intensive chemotherapy. It is 
mandatory that a high caloric, high protein 
intake be administered throughout the period 
of treatment. 

Several patients with genitourinary tuberculo- 
sis, all of whom had previously received intensive 
chemotherapy, have received combined _ hor- 
monal-chemotherapy. In all such patients there 
has been striking decrease in systemic toxicity 
and improvement in general nutrition. In some, 
significant and sustained improvement in the 
urinary findings has been observed. No in- 
stance of untoward effects in such combined 
therapy has been observed. The cautious use of 
ACTH and cortisone in conjunction with 
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chemotherapy may have a place in the manage- 
ment of patients with genitourinary tuberculosis 
who are refractory to other forms of therapy. 

A ComPARISON OF THE EFFECTS OF VARIOUS 
BrAnps oF ACTH on Norma INDIVIDUALS. 
H. D. Kaine, M.D. (introduced by R. R. Commons, 
M.D.). (From the Department of Medicine, 
University of Southern California School of 
Medicine, Los Angeles, Calif.) 

A comparison of the effects of several brands 
of ACTH was made on five medical students. 
The effects of normal saline were also studied. 
The preparations selected were freshly dated, 
mixed into solutions only when used, and 
refrigerated. They had previously been stand- 
ardized (Sayer’s rat bio-assay method) by the 
individual companies preparing the products. 
Blood eosinophil counts and hourly urinary 17- 
ketosteroid determinations were carried out 
before and four hours after the administration 
of the drugs. In addition, each preparation, as 
an unknown, was again standardized by the 
Sayer rat bio-assay method. The results under 
controlled circumstances showed an average 
decrease in blood eosinophils of more than 47 
per cent in four of the products tested. Three of 
these four preparations were associated with 
decreases of 69, 69 and 55 per cent, respectively. 
The average decrease with normal saline was 
26.6 per cent. The 17-ketosteroid determinations 
were quite variable in their results. A good 
response of close to 100 per cent increase was 
obtained with the use of every preparation but 
this was most consistent only with selected 
groups and the least consistent with normal 
saline. Standardization by Sayer’s method 
showed adequate responses with each brand of 
ACTH. The results indicate that active batches 
of ACTH, quantitatively equal, as compared 
with the Armour standard, elicited different 
variable responses in a group of normal indi- 
viduals. The use of hourly 17-ketosteroid de- 
terminations could be used as an added standard 
determining the activity of ACTH in humans 
but several determinations must necessarily be 
made due to individual variable responses. 
METABOLIC STUDIES WITH METHYL ANDRO- 
STENEDIOL. J. W. Partridge, M.D. (From the 
Institute for Metabolic Research, Highland 
Alameda County Hospital, Oakland, Calif.) 

Three young female patients were placed on 
long-term studies using a chemically constant 
formula diet administered through a poly- 
ethylene tube. After suitable control periods, 
each was placed on methyl androstenediol by 
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intramuscular or oral administration. Nitrogen, 
sodium, potassium and phosphorus balances 
and the urinary excretion of 17-ketosteroids were 
determined. Clinical studies were carried out 
in infants and chronically ill men, in patients 
with pituitary hypogonadism and in one female 
with persistent galactorrhea. The balance studies 
revealed a significant nitrogen, potassium and 
phosphorus-retaining (anabolic) effect in one 
patient and equivocal results in two others. 
The excretion of 17-ketosteroids was not in- 
creased as a result of the administration of 
methyl androstenediol in any case. Clinically no 
anabolic effects were noted in infants or chroni- 
cally ill men. In large dosage (0.8—1.00 gm.) the 
drug was definitely androgenic and anabolic 
in two male patients with pituitary hypogonad- 
ism. Diminution of lactation resulted in the 
woman with persistent galactorrhea associated 
with pituitary enlargement. 

THE LIveR IN ULCERATIVE COLITIS AND RE- 
GIONAL ILEITIs. W. FE. Molle, M.D., L. Kaplan, 
M.D. (by invitation), J. Halstead, M.D. (by invita- 
tion) and R. Rowan, M.D. (by invitation), Los 
Angeles, Calif. 

Hepatic dysfunction and cirrhosis have been 
reported as a complication of chronic ulcerative 
colitis. To investigate this problem ten cases of 
ulcerative colitis and three patients with regional 
ileitis were studied by means of “‘liver function” 
tests and needle biopsies of the liver. Liver func- 
tion tests include thymol turbidity, cephalin- 
cholesterol flocculation, bromsulfalein excre- 
tion, total proteins and A/G ratio, alkaline 
phosphatase, twenty-four-hour urine urobilino- 
gen excretion and prothrombin time. These 
tests were performed twenty-four hours prior to 
the liver biopsy. In two of the three patients with 
regional ileitis there were no alterations in the 
liver function tests, and minimal increased stor- 
age of green pigmentation in the central zone 
of the lobule. In the third patient, who was 
jaundiced, changes in the liver function tests and 
in the liver biopsy were consistent with homo- 
logous serum hepatitis. In the patients with 
ulcerative colitis only two had abnormal cepha- 
lin flocculation tests, and two patients had 
increased urobilinogen excretion. Other tests 
were not abnormal. The biopsy specimens re- 
vealed slight to moderate fatty infiltration and 
parenchymatous degeneration and regenera- 
tion, periportal leukocytic infiltration and oc- 
casional small focal collections of mononuclear 
cells. 

RELATIONSHIP OF URINARY COPROPORPHYRIN 


| 
- 


506 American Federation for Clinical Research 


EXCRETION AND Bopy WE L. A. Strait, M.D., 
H. R. Bierman, M.D., B. Eddy (by invitation), 
M. Hrenoff, M.D. (by invitation) and J. J. Eiler, 
Ph.D. (by invitation). (From the University of 
California, San Francisco, Calif.) 

The daily urinary excretion of coproporphy- 

rins has been measured in five normal adults for 
eighty to ninety-eight consecutive twenty-four- 
hour periods and in twelve other normal subjects 
for shorter periods. The weights of the subjects 
ranged from 16 kg. to 107 kg. The mean amount 
of coproporphyrin excreted per day was found 
to vary linearly with the body weight of the 
adult individual, indicating that the excretion 
per day per unit body weight is a constant 
quantity. This quantity which we have called 
the “urinary coproporphyrin coefficient’? was 
found to be 0.93 + 0.04 wg. per kg. for the 
adults. For children it varied over a range of 
0.66 to 1.50, average 1.09 ug. per kg. The 
successive daily amounts of coproporphyrin 
excreted by a normal adult individual was found 
to have a statistically normal distribution of 
values about the mean value. The random varia- 
tions in the measured single values of daily 
coproporphyrin excretion were in part shown 
to be dependent upon variations in urine volume 
to the extent that they affected renal clearance 
of coproporphyrin and thereby the partition of 
excretion between urine and feces. 
UTILIZATION OF INFUSED FRUCTOSE AND INVERT 
SUGAR IN Human Supjects. J. Bertino, M.D. (by 
invitation), N. Dawson (by invitation), R. Greer, M.D. 
(by invitation), S. Margen, M.D. and L. W. Kinsell, 
M.D. (From the Institute for Metabolic Re- 
search, Highland Alameda County Hospital, 
Oakland, Calif.) 

Recently it has been reported that the infusion 
of invert sugar and of fructose to human subjects 
results in a lesser degree of hyperglycemia than 
when an equal amount of glucose is infused 
over the same period of time. The present study 
was undertaken to verify these observations 
and to evaluate some of the mechanisms involved 
if the differences were confirmed. 

Studies have been carried out in eléven nor- 
mal adult human subjects. In all instances 
1,000 cc. of 10 per cent sugar solution have been 
infused over a period of approximately one hour. 
In all individuals the rise of total reducing sugar 
in the blood when invert sugar was infused was 
significantly lower than glucose. Renal excretion 
of reducing sugars was always greatest during 
infusion of glucose, and usually least with 
invert sugar infusion. Blood sugar levels during 


fructose infusion bore no constant relationship 
to those obtained during invert sugar infusion, 
but (as in the case of invert sugar) were always 
significantly lower than those observed with 
glucose infusion. Thus it seems probable that 
fructose is utilized (oxidized or changed to 
glycogen) at a much more rapid rate than 
glucose. The data further suggest that glucose 
and fructose are metabolized through quite 
different pathways, and that such metabolism 
may occur simultaneously. Studies dealing with 
changes in serum phosphorus and with respira- 
tory quotient studies designed to further evaluate 
the mechanisms involved will be reported. 
ADRENOCORTICAL FUNCTION IN CHRONIC DE- 
PRESSED STATES AND IN CHRONIC ALCOHOLISM. 
C. S. Stein, Jr.. M.D. (by invitation) and R. R. 
Commons, M.D. (From the Resthaven Sanitarium 
and the University of Southern California, Los 
Angeles, Calif.) 

Five women with chronic depression of at 
least two years’ duration, following rigid psy- 
chiatric and medical examinations, were in- 
vestigated by Kepler tests, glucose or insulin 
tolerance tests, 11-oxysteroid and 17-ketosteroid 
excretions, epinephrin and Thorn tests, and 
salivary Na/K ratios as measures of adreno- 
cortical function. Four patients revealed essenti- 
ally normal resting adrenocortical function, but 
following a standard forty-eight hour ACTH 
stimulation failed to increase adrenocortical out- 
put as evidenced by 17 ketosteroid and salivary 
Na/K responses. One of the four, retested while 
in electroshock-induced clinical remission, had 
reverted to normal adrenocortical responsiveness. 
The fifth patient demonstrated a low adreno- 
cortical resting level with normal responsiveness 
to ACTH. These data contrast with those of 
others who have reported normal adrenocortical 
function in psychoneurotics and normal re- 
sponsiveness to ACTH in anxiety states. 

The finding that acute alcoholics manifest a 
degree of adrenocortical insufficiency and 
therapeutically benefit more from adrenocortical 
extract than from ACTH correlates well with 
the observations that while four chronic alcoholic 
females exhibited normal resting adrenocortical 
function, three failed not only to increase adreno- 
cortical output following standard ACTH 
stimulation but also after eight, ten and four- 
teen days, respectively, of intensive ACTH 
administration. It is significant that 17-keto- 
steroid excretions during the final twenty-four 
hours of ACTH administration in each case were 
less than the control level. 
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HE existence of mild forms of Mediter- 
ranean (Cooley’s) anemia has _ been 
accepted since the familial studies of 
Wintrobe and his co-workers.'! They have been 
reported under various names: Cooley’s trait, 
thalassemia minor, familial Mediterranean target-oval 
cell syndromes and hemolytic jaundice with decreased 
red-cell fragility and have been reviewed compre- 
hensively by Wolman and Dickstein.” The sepa- 
ration of the mild from the severe forms of 
Mediterranean anemia is not always precise 
since it has been shown that there is a con- 
tinuous gradation in the severity of individual 
cases ranging from those which are asympto- 
matic, non-anemic or even polycythemic to 
those with a severe and fatal anemia.!:** Al- 
though the hereditary transmission of this fa- 
milial disorder is not fully understood, it is 
agreed that the most severe form of the anemia 
occurs only in the individual whose parents both 
have the “‘trait.”” When only one parent has the 
Mediterranean “‘trait,’’ the disease is almost 
always mild. In any one individual, however, 
the severity of the anemia is generally constant.°® 
Neel and Valentine® estimate that one in 
twenty-five of the Italian people of Rochester, 
N. Y., have the mild form of Cooley’s anemia. 
If this is true for the millions of people of 
Mediterranean ancestry throughout the rest of 
the country, this disease should be quite a com- 
mon finding. It is surprising, therefore, that 
there have been no reports of a case of Mediter- 
ranean anemia associated with chronic hepatitis, 
a disease which has been the subject of many 
recent reports. This may be due to the fact that 
since anemia may produce liver damage”® and, 
conversely, liver disease may lead to anemia, 
there is a reluctance to make two independent 
diagnoses when a single diagnosis seemingly 


accounts for all of the patient’s signs and 
symptoms. 

The treatment of severe cases of Mediter- 
ranean anemia has been disappointing. Con- 
ventional anti-anemic therapy with iron and/or 
liver accomplishes little and splenectomy, save 
for the relief of symptoms caused by the massive- 
ness of the splenic enlargement, has been with- 
out value.” Repeated blood transfusion has been 
the only available means of controlling the 
anemia. 

The following case is of unusual interest be- 
cause of the association of mild Mediterranean 
anemia and chronic hepatitis with cirrhosis, the 
occurrence of a change in the degree of the 
anemia, and the results of therapy with adreno- 
corticotrophic hormone (ACTH). 


CASE REPORT 


Mrs. C., a thirty-two year old housewife, was 
first admitted to the First Medical Division of 
Bellevue Hospital in May, 1950, with jaundice, 
anorexia and right upper quadrant pain of ten 
days’ duration. 

Nine years prior to admission, during her first 
pregnancy, an enlarged spleen extending 4 cm. 
below the costal margin, a hemoglobin of 10 gm., 
a red blood cell count of 5 million, and a blood 
smear showing microcytosis, hypochromia, poi- 
kilocytosis, anisocytosis and a few macrocytes had 
been noted but no attempt was made to determine 
the cause of these findings. About five years prior 
to admission the patient had noted the gradual 
onset of anorexia, weakness, light-colored stools 
and dark urine, jaundice, right upper quadrant 
pain, diarrhea and the loss of 10 pounds. She 
remained at home without medical attention, 
continuing her domestic activities and, after two 
months, the jaundice cleared spontaneously. Al- 


* From the First Medical (Columbia University) Division, Bellevue Hospital, New York, N. Y. 
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Fic. 1. Liver biopsy, 1946. 


though her appetite improved she continued to 
suffer from weakness and fatigue. Seven months 
after the onset of these symptoms they became 
so troublesome that she was admitted to another 
hospital. Physical examination revealed the en- 
larged spleen and a firm, smooth, slightly tender 
liver extending 2 cm. below the costal margin. 
The jaundice had cleared completely. There 
was no fever and the blood pressure and pulse 
rate were normal. 

Examination of the blood at that time showed 
a hemoglobin of 12.2 gm./100 cc., a red cell 
count of 4,800,000 and a white cell count of 
5,700 with 47 per cent neutrophiles and 53 per 
cent lymphocytes. The blood smear was not 
described. The blood urea nitrogen was 9 mg./ 
100 cc., and the fasting blood sugar 83 mg./100 
cc. The total serum protein was 7.2 gm./100 cc. 
with 4.4 gm./100 cc. of albumin and 2.8 gm./ 
100 cc. of globulin. The serum bilirubin was 
1.2 mg./100 cc., the thymol turbidity 5.4 units 
and the prothrombin time 11.6 seconds. A 
bromsulfalein test showed retention of 10 per 
cent of the dye after thirty minutes. Examina- 
tion of the urine revealed no abnormalities. The 
patient remained afebrile and had no complaints 
other than the fatigue and weakness which per- 
sisted. No specific therapy was given and she 
was discharged without improvement. A liver 
biopsy* (Fig. 1) obtained seven months after 
the acute episode was read as follows: ‘‘Frag- 


* Permission to reproduce this slide was kindly 
granted by Dr. Mary Ann Payne, Liver Laboratory, 
New York Hospital. 


ments of liver include portions of two portal 
areas. In these zones there appears to be some 
increase in fibrous tissue and a mild mono- 
nuclear cell infiltration. No abnormalities of the 
hepatic cells are noted. The character of the 
specimen precludes definitive diagnosis but it 
may be termed ‘periportal fibrosis, mild.’ ’’* 

Two years prior to admission she passed 
through her second pregnancy without com- 
plication and was delivered of a normal child. 
There was no change in her general condition 
during this pregnancy. Although she was noted 
to be “‘sallow,” the hemoglobin was 13.6 gm. 
and the red cell count 4,800,000. There seemed 
to have been no change in the size of liver or 
spleen. 

About five months prior to admission she had 
a sore throat and two weeks later noted the 
appearance of periorbital and ankle edema. At 
this time she was examined in the outpatient 
department where her urine was described as 
being dark yellow and was found to contain a 
heavy trace of albumin. The blood pressure was 
140/90. It was believed that she had acute 
nephritis and hospitalization was urged but was 
rejected. The edema persisted for several weeks 
and then cleared spontaneously. 

Ten days prior to admission, she developed 
anorexia, nausea and feverishness. Her stools 
became light in color, the urine dark and the 
skin jaundiced. She complained of a dull 


*The pathological interpretation was written by 
Dr. Marvin K. Kuschner, Department of Pathology, 
Bellevue Hospital. 
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“heavy” pain in the right upper quadrant and, 
for the first time, noted that the ingestion of 
fatty foods caused abdominal distress. The 
weakness and fatigue which had persisted since 
her first attack of jaundice some four years 
earlier increased. 

In addition to the usual childhood diseases 
the patient claimed that she had had typhoid 
fever as a child. Her subsequent health, except 
for an episode of mild gastroenteritis, had been 
excellent. She had never received any trans- 
fusions nor had she been exposed to other people 
with jaundice. There was no history of exposure 
to hepatotoxic chemicals and her diet had 
always been satisfactory. 

Her parents had emigrated from Italy prior 
to her birth. Both were still living and, except 
for the mother’s diabetes, were in good health. 
There were three siblings who were in excellent 
health and the patient had two children. There 
was no history of any familial diseases. 

Physical examination revealed a well de- 
veloped, pale, icteric woman who appeared to 
be chronically ill. ‘The skin and hair appeared to 
be normal. No spider angiomas were noted. The 
features were not mongoloid. The lungs were 
clear. A faint blowing systolic murmur was 
heard at the apex but the heart was not enlarged 
and the sounds were regular and of good quality. 
The liver was enlarged; it extended 3 cm. below 
the costal margin and was somewhat tender to 
palpation. There was no ascites and the vessels 
of the abdominal wall were not dilated. Rectal 
and pelvic examinations revealed no abnor- 
malities. The extremities were normal. There 
were no leg ulcers or edema. The temperature 
was 100°F., pulse rate and respirations were 
normal. The blood pressure was 130/82. 

Examination of the blood revealed a hemo- 
globin of 8.5 gm. with a red cell count of 3,800,- 
000. The mean corpuscular volume was 78 
cubic micra, the mean corpuscular hemoglobin 
22 micromilligrams, the mean _ corpuscular 
hemoglobin concentration 25 per cent. The 
blood smear showed considerable poikilocytosis 
and anisocytosis. Target cells and stippled cells 
were frequent and an occasional normoblast 
was noted. The white blood cell count was 
4,750 with a normal differential count. The 
platelet count was 340,000. A bone marrow 
smear revealed hyperplasia of the erythroid 
elements. The Coombs test was negative. 

The urine contained bile and the stools were 
clay-colored but these signs of biliary tract ob- 
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struction cleared after several days. Thereafter, 
normal amounts of urobilinogen were present 
in the urine. The specific gravity of casual urine 
specimens ranged up to 1.024 and most speci- 
mens contained small amounts of albumin. The 
urinary sediment revealed a few red cells and 
a few white cells but no casts were seen. Ex- 
aminations of the stool for occult blood were 
persistently negative. 

The blood urea nitrogen was 11 mg./100 cc. 
and the fasting blood sugar 86 mg./100 cc. The 
serum albumin was 3.9 gm./100 cc. and the 
serum globulin 4.2 gm./100 cc. The icterus 
index was 80. The alkaline phosphatase was 4 
Bodansky units/100 cc. The cephalin floccula- 
tion test gave a 4 plus reaction. The blood 
prothrombin level was 64 per cent of normal. 
The serum amylase was normal. 

X-rays of the chest, stomach and duodenum 
were normal. Esophagrams failed to reveal any 
evidence of varices. X-rays of the skull and long 
bones were normal. A flat plate of the abdomen 
demonstrated the enlarged liver and spleen. 

The patient was treated with a high caloric 
diet, supplemented by vitamins and iron salts by 
mouth. She was given injections of liver extract, 
vitamin K and vitamin B complex. There was 
a total lack of response. The patient’s symptoms, 
except for the jaundice which diminished, 
remained unchanged. The laboratory studies 
(Table 1) failed to show any improvement in 
either the hemogram or the tests of liver func- 
tion. After six weeks the patient was discharged 
home at her request. A 500 cc. blood transfusion 
was given during the last week in the hospital 
without incident. 

Following her discharge the patient resumed 
the bulk of her household duties in spite of con- 
tinued weakness and fatigue. Mild jaundice was 
noted from time to time but the stools and urine 
remained normal in appearance. There was 
recurrent pain in the right upper quadrant 
while in the left upper quadrant there was a 
constant dragging sense of heaviness with occa- 
sional episodes of sharp pain and tenderness over 
the spleen. All of these symptoms progressed 
slowly until April, 1951, when the patient — 
consented to be hospitalized for re-evaluation 
of her condition. 

On readmission she appeared chronically ill. 
The skin was pale and slightly icteric. The 
physical examination revealed no changes other 
than a slight increase in the size of the liver 
which now extended 4 cm. below the costal 
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margin and a marked increase in the size of the 
spleen which now descended to the level of the 
iliac crest and extended almost to the midline 
anteriorly. The spleen was uniformly firm but 
there was an area of localized tenderness on the 
medial margin. Apart from splenomegaly, none 
of the signs commonly associated with portal 
hypertension were noted. The temperature was 
99°r., the pulse and respirations were normal 
and the blood pressure 120/70. 

The blood count revealed 8 gm. hemoglobin, 
3,210,000 red blood cells, 3,600 white blood 
cells and 240,000 platelets. The differential 
count was normal while study of the red cells on 
smear (Fig. 2) revealed moderate anisocytosis, 
poikilocytosis and basophilic stippling, frequent 
target and oval cells, and an occasional normo- 
blast. The mean red corpuscular volume was 
78.8 cu. micra, the mean corpuscular hemo- 
globin 23.3 micromilligrams and the mean 
corpuscular hemoglobin concentration was 29.6 
per cent. The bone marrow smear again showed 
hyperplasia of the erythroid elements. The 
direct and indirect Coombs tests were negative. 
Bleeding time, clotting time, capillary fragility 
and clot retraction were all normal. The red 
corpuscles showed increased resistance to hypo- 
tonic saline: hemolysis began at .38 per cent and 
was not complete at .21 per cent (determined 
by the method of Wintrobe!™ using washed 
erythrocytes) while in the control it began at 
.42 per cent and was complete at .38 per cent. 

The daily fecal urobilinogen varied from 143 
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to 160 mg. (normal = 40 to 280 mg. per day 
given a normal total circulating hemoglobin) 
and the urinary urobilinogen was 6.8 mg. per 
day (normal < 3.5 mg. per day) by the 
method of Watson.!2 The hemolytic index was 
elevated to 40 (normal 11 to 21) indicating an 
increased rate of red cell breakdown.'* 

Casual urine specimens showed slight albumi- 
nuria and the sediment generally contained 
small numbers of red and white blood cells. The 
specific gravity ranged up to 1.022. A phenol- 
sulfonphthalein test revealed normal excretion 
of the dye. Intravenous pyelography disclosed 
no abnormalities. All stool specimens contained 
bile while repeated tests for occult blood were 
negative. 

X-ray studies of the esophagus failed to reveal 
any evidence of varices. Gallbladder x-rays 
were entirely normal. Duodenal drainage 
yielded no crystals and culture of the bile for 
typhoid bacilli was negative. X-rays of the skull 
and long bones were again normal. 

The blood chemistry studies showed no 
significant changes from those reported on the 
previous admission. (Table 1.) They were inter- 
preted as indicating active liver damage with no 
evidence of obstruction. 

It was possible to examine several members of 
the patient’s family. (Table m.) Her mother was 
completely free from any evidence of Mediter- 
ranean anemia but her father’s blood smear was 
typical of this condition and his red cells showed 
increased resistance to hemolysis by hypotonic 
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TABLE I 
LABORATORY FINDINGS 


| | May, 


| 


June, 


| Aug., | Nov., 


1950 1951 | 1951 


Hemoglobin (gm./100 cc.) | 10.0 
RBC (millions) we 
Reticulocytes (per cent). . .| | 
Cephalin flocculation... . . 
Icterus index | 


| 


Serum albumin | 
(oni. /100 6c.) 
Serum globulin | 
(ous. /100 
Alkaline phosphatase | 
(Bodansky u./100 cc.). . 
Bromsulfalein retention 
(after 30 minutes) 
Blood prothrombin 
(per cent of normal)... . 


66% | 84% | 


| 


80% 70% 


saline. One sibling was entirely normal, another 
showed only a rare target cell in the blood smear 
and it was not possible to examine the third. 
The patient’s two children both demonstrated 
inheritance of this disorder. One had only a few 
target cells in his blood smear but had a moder- 
ately enlarged spleen for which no other ex- 
planation could be found. The second child had 
the typical blood smear. Neither had ever had any 
evidence of anemia or any history of jaundice. 

The patient was treated by rest, a high caloric 
diet with supplementary protein, massive doses 
of vitamins by mouth and by injection and 
choline. There was no apparent response to this 
regimen. She continued to feel weak and tired; 
her appetite remained poor. The icterus per- 
sisted. There was a low-grade fever and she 
complained of recurrent episodes of pain local- 
ized to specific areas in both the liver and spleen. 
These lasted from a few hours to several days 
and were accompanied by tenderness in the 
region of the pain. There was no change in the 
temperature curve or in any of the laboratory 
findings to suggest a systemic reaction to possible 
inflammation or infarction. 

After five weeks, a punch biopsy of the liver 
(Fig. 3) was done, and was interpreted as 
follows: ‘‘Hematoxylin and eosin, Wilder, and 
trichrome stained sections of liver reveal marked 
distortion of hepatic architecture. Small nodules 
of hepatic cells are separated by broad zones of 
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fibrosis. Within the fibrous tissue there is some 
bile duct proliferation and small isolated groups 
of hepatic cells. A moderate to marked infiltra- 
tion of lymphocytes and mononuclear cells is 
TABLE II 
FINDINGS IN FAMILY OF PATIENT 


| 
| | RBC 
Fragility * 


| | 

Blood Count | Blood Smear |—————| SPleno- 
| megaly 
. Com- | 
| Begins plete | 


Father... Target and oval 
cells, anisocyto- 
| sis, poikilocytosis 
| Normal 
Target and oval 
cells, anisocyto- 
sis, poikilocytosis | 
| Rare target cell . | Absent 


Hypochromic, 
microcytic 
polycythemia 

Normal 

Hy pochromic, 
microcytic 
anemia 

Normal 


| 0.39 | 0.21 | Absent 


0.42 | 0.33 | Absent 
0.39 | 0.21 | Present 


Mother. . 
Patient .. 


Sister... . 
Sister... . 
Brother. . 
Child... 
Child... 


.. | Absent 
beled Present 
.... | Absent 


Normal 
Normal 
Normal 


| Rare target cell 
| Many target and | .... 

oval cells, | 
| poikilocytosis 


* Control fragility specimens began to hemolyze at 0.42 per cent with 
complete hemolysis at 0.33 per cent. 


present within the areas of fibrosis. The hepatic 
cells have a pale granular stippled cytoplasm. 
Their nuclei are normal. Diagnosis: Cirrhosis of 
liver.” * 

*The pathological interpretation was written by 


Dr. Marvin K. Kuschner, Department of Pathology, 
Bellevue Hospital. 
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Following the biopsy, the patient complained 
of pain at the site of the puncture. The tempera- 
ture rose to 103°F. and she became acutely ill. 
She became drowsy and lethargic. Anorexia 
was severe and attempts to eat induced pro- 
longed spells of nausea and vomiting. There was 
a slight drop in hemoglobin and red count while 
the icterus index rose. The other laboratory 
findings were unchanged. There was no evidence 
of intra-abdominal bleeding. This picture, it 
was believed, represented mild bile peritonitis 
and acute decompensation of the liver as a 
reaction to the trauma of the biopsy. The pa- 
tient was kept hydrated by means of parenteral 
fluids and the doses of vitamins were maintained. 
Her condition continued to deteriorate. Finally, 
it was decided to administer ACTH (cortisone 
could not be obtained at the time). On the 
evening before the first dose was given, however, 
the patient noted spontaneous cessation of her 
nausea and vomiting and, for the first time since 
the liver biopsy, announced that her appetite 
had returned. 

The daily dose of ACTH was divided into 
four equal parts which were given at six-hour 
intervals. The initial dose was 40 mg. per day. 
After three days this was increased to 60 mg. 
and after nine days to 80 mg. The high caloric 
diet with ample supplements of protein and 
vitamins was continued throughout. Additional 
doses of potassium were given. 

During ACTH therapy the patient’s general 
condition improved strikingly. Her temperature 
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returned to normal. She ate voraciously and 
no longer complained of the weakness and 
fatigue which had lingered for years. For the 
first time in almost two years she became free of 
pain and tenderness in both liver and spleen 
although these organs were not observed to 
show any changes in size or consistency. Al- 
though there was no reticulocytosis, there was 
a gradual rise in hemoglobin, hematocrit and 
red blood cell levels. The jaundice diminished. 
The fecal urobilinogen ranged from 200 to 
270 gm. per day and the hemolytic index was 
calculated as 44, indicating that there was no 
significant decrease in the amount of hemolysis. 
Studies of blood smears revealed no changes in 
the morphology of the erythrocytes. The tests 
of liver function showed no essential deviation 
from pretreatment levels. (Table 1.) Serial elec- 
trocardiograms revealed no evidence of hypo- 
potassemia, the heart size did not change as 
measured on x-ray films and the blood pressure 
did not rise. Blood sodium and potassium levels 
remained normal and there was no evidence of 
disturbed sugar metabolism. 

On the fifteenth day of treatment the patient 
was noted to be lethargic and depressed. She 
complained of severe headache. About one hour 
after her dinner she apparently fainted. At this 
time her blood pressure was 150/100, the heart 
rate 120 and respirations normal. No explana- 
tion for this episode was revealed by the clinical 
findings, the laboratory studies of blood sugar 
and electrolyte levels or the electrocardiogram. 
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She responded promptly to supra-orbital pres- 
sure. On the following day a similar episode 
occurred. Because of these and the increasing 
lethargy and depression, ACTH was discon- 
tinued on the sixteenth day. 

Following cessation of ACTH therapy the 
patient’s mental condition cleared rapidly. A 
relative sense of well being persisted and she 
remained free of the abdominal pain and tender- 
ness. The improvement in hemoglobin and 
red count was maintained and she remained 
free of clinical jaundice. The abnormal liver 
function tests persisted. When she was dis- 
charged to her home almost three weeks follow- 
ing completion of her course of ACTH therapy, 
she presented the paradoxical picture of con- 
tinuing clinical improvement with, except for 
the improved blood count, laboratory evidence 
showing essentially no change in the hemolytic 
process, the red cell morphology or the condi- 
tion of the liver. Examination of the patient a 
month after her discharge revealed no changes 
in either her condition or the laboratory data. 
About four months after cessation of the ACTH 
therapy, however, there was a gradual return 
of fatigue, weakness and tenderness of the liver, 
while the laboratory studies revealed the return 
of low-grade icterus. 


COMMENTS 


Differential Diagnosis. ‘The diagnosis of Medi- 
terranean anemia in this case is based upon the 
classical morphological appearance of the red 
cells on smear, the increase in red cell osmotic 
resistance, the finding of the blood picture and 
an enlarged spleen years before any indication 
of liver disease, the evidence of increased red 
cell destruction, the characteristic failure of 
diet, iron and liver therapy to improve the 
hypochromic, microcytic anemia, and the find- 
ing of similar abnormalities in the other mem- 
bers of the patient’s family. While certain of 
these features may be seen in the cases of 
anemia associated with liver disease, this entire 
syndrome has not been reported in such cases. 

The diagnosis of liver disease in this case 
seems equally well established. The recurrent 
episodes of jaundice accompanied by upper 
abdominal pain and anorexia culminating in the 
continuous mild icterus with fatigue and ab- 
dominal discomfort, the hepatomegaly, and the 
abnormalities demonstrated by the liver function 
studies indicate the presence of a chronic, pro- 
gressive disorder of the liver. The change from 
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the round cell infiltration of the portal areas 
with no involvement of the parenchymal cells 
noted in the first biopsy specimen to the com- 
plete disruption of the hepatic architecture by 
scar tissue seen in the second biopsy specimen 
demonstrates the progression from an acute 
inflammatory process to one which is low-grade 
and chronic. Since there is no history or evi- 
dence of biliary tract disease, alcoholism, dietary 
inadequacy or exposure to hepatotoxins, the 
etiology is presumed to be chronic recurrent in- 
fectious hepatitis culminating in cirrhosis. 

The knowledge that liver disease can cause 
anemia and, conversely, that anemia can cause 
liver disorders, suggests that in this case all of 
the signs and symptoms might be explained by 
just one of these entities. For example, it is 
known that the target cells in the blood smear 
and the increased resistance of the red cells to 
hypotonic saline described in the classical cases 
of Mediterranean anemia are not pathogno- 
monic but may be found in patients with 
jaundice and liver disease.* Valentine and 
Neel!‘ produced characteristic target cells from 
normal erythrocytes and vice versa by altering 
the tonicity of the solutions in which they were 
suspended. These cells, however, did not exhibit 
the increased osmotic resistance demonstrated 
by naturally occurring target cells. The osmotic 
resistance of normal red cells, on the other hand, 
has been increased by transfusion into patients 
with jaundice (merely suspending them in 
jaundiced serum did not have this effect).'° It 
has been suggested that washing and resuspend- 
ing the red cells before testing their fragility, as 
was done in the present case, will obviate the 
effect of the patient’s jaundice upon their 
osmotic resistance.!! 

Studies of cases of cirrhosis? and of chronic 
hepatitis!® indicate that anemia, usually of the 
normocytic or macrocytic type, is a common 
complication. Microcytic hypochromic anemia 
is sometimes seen but is usually attributed to 
chronic blood loss from hemorrhoids or eso- 
phageal varices rather than to the liver disease 
itself. In most instances of anemia due to liver 
disease, the fecal urobilinogen excretion rate in 
relation to the total hemoglobin is normal. 
When, as in this case, it is increased, it demon- 
strates an increased rate of destruction of the red 
blood cells.'* Hemolytic anemias associated 
with liver disease have been described*17'!8 but 
in nearly all cases the red cell fragility is either 
normal or increased while, almost always, 
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hemolysins, iso-agglutinins or Coombs anti- 
bodies can be demonstrated.'® 

It is apparent, therefore, that in the case 
presented the anemia could not have been 
attributed to the liver disease. While such an 
assumption would have accounted for the find- 
ing of target cells and increased red cell osmotic 
resistance, it could not explain the presence of 
hypochromic anemia in the absence of any 
evidence of hemorrhage or the evidence of an 
increased rate of red cell destruction in the face 
of decreased red cell fragility and negative 
direct and indirect Coombs tests. Furthermore, 
the fact that the anemia preceded the liver 
disease and the evidence of similar hematologic 
abnormalities in members of the patient’s family 
conclusively establish the diagnosis of Mediter- 
ranean anemia. This, however, raises the ques- 
tion of whether the liver disease might not be a 
complication of the anemia. The concept that 
a hemolytic anemia can produce liver damage 
is generally accepted, although it is often diffi- 
cult to be certain which came first.* Examina- 
tion of the liver in cases of Mediterranean 
anemia and in both congenital and acquired 
hemolytic anemia has revealed fatty infiltration 
in the region of the central vein, granular cyto- 
plasmic degeneration, hemosiderosis and _ bile- 
staining of the hepatic cells.2°-?4 We have been 
unable, however, to find reported instances of 
cirrhosis or massive necrosis caused by hemolytic 
anemia in the absence of complicating factors 
such as septicemia”® or cholelithiasis.!"** In this 
case the absence of any evidence of such com- 
plications and, furthermore, the fact that the 
episodes of jaundice, anorexia and abdominal 
discomfort were not produced by hemolytic 
crises, require rejection of this concept. It must 
be concluded, therefore, that the Mediterranean 
anemia and the liver disease were entirely 
separate entities. 

This, however, does not preclude the possi- 
bility thet each was influenced by the other. 
For example, the evidence that the abnormalities 
of the liver seen in hemolytic anemia make that 
organ more susceptible to injurious agents,’ 
makes one wonder if, in this case, the presence of 
Mediterranean anemia had impaired the resist- 
ance of the liver to the virus which presumably 
caused the hepatitis and thereby contributed to 
the chronicity of the infection. This, however, is 
purely speculative. 

The evidence that the liver disease had an 
adverse effect upon the anemia is more sub- 
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stantial. The fact that only one parent had any 
evidence of this familial disorder, the lack of any 
symptoms of anemia prior to the age of thirty 
and the absence of the bony disorders usually 
associated with the severe forms of this disease?’ 
indicate that this patient had a very mild form 
of Mediterranean anemia. Yet, as the liver 
disease progressed, the hemoglobin level fell 
from its usual 12-13 gm./100 cc. to a low of 
8 gm./100 cc. 

It is generally believed that the red cell and 
hemoglobin levels are relatively constant in the 
milder forms of Mediterranean anemia. Atkin- 
son,?* however, reported a case in which a 
febrile illness led to a marked increase in the 
severity of the anemia. Furthermore, many 
“trait” mothers weather pregnancy unevent- 
fully but cases in which the anemia has in- 
creased have been described.?*-*! Hammond and 
Nuzum*! attribute this to the ‘physiologic 
anemia of pregnancy” superimposed upon a 
“benign Mediterranean anemia.” It is clear, 
therefore, that conditions of stress such as 
pregnancy or infection may intensify an anemia 
of the Mediterranean type. Depression of the 
bone marrow in cases of cirrhosis has been 
reported® and it is presumed, therefore, that in 
the case presented the liver disease was respon- 
sible for the accentuation of the anemia. 

Treatment. ‘The exact pathogenesis of Medi- 
terranean anemia is not known but it is believed 
to be a defect in the production of red cells, 
probably in the synthesis of hemoglobin. Al- 
though these abnormal cells have been shown to 
have a decreased survival time in both moderate 
and severe forms of the disease, Hamilton and 
his co-workers have demonstrated that the 
occurrence of periods of partial hematopoietic 
arrest rather than the hemolysis is chiefly 
responsible for the anemia.*? This probably 
explains why, except for repeated transfusions, 
conventional anti-anemic therapy has _ been 
without value. 

Because they found adrenal hypoplasia in 
fatal cases of Mediterranean anemia, Whipple 
and Bradford”? treated a few patients with crude 
adrenal cortical extract but noted no effects. 
Subsequently, slight elevation of the red cell 
count was observed in three cases following the 
administration of pregnancy urine.** Sussman*4 
cites a case of Mediterranean anemia which 
improved following treatment with ACTH. 
He points out, however, that the blood trans- 
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fusions given during this therapy may have been 
responsible for the improvement. 

ACTH has been used with striking success in 
the treatment of acquired hemolytic anemias. 
The response in this condition is attributed to 
interference with the abnormal antigen-anti- 
body reaction causing the hemolysis. Dameshek, 
Rosenthal and Schwartz!® report, however, that 
there is also a non-specific stimulation of red 
cell production or at least an acceleration of the 
release of erythrocytes into the peripheral circu- 
lation. A similar effect of ACTH in pernicious 
anemia is suggested by Sussman.*4 Davidson, 
Duthie, Girdwood and Sinclair*® observed that 
ACTH had no effect on the rate of hemolysis in 
congenital hemolytic anemia but did note a 
moderate increase in the red cell count in one 
case. These observations coupled with the recent 
report*® that ACTH produced a temporary im- 
provement in patients with chronic hepatitis led 
us to undertake its trial in the present case. 

Following the course of ACTH there was a 
moderate but definite increase in the hematocrit, 
hemoglobin and red cell levels. This should 
probably be attributed to non-specific stimu- 
lation of the bone marrow since there was no 
change in red cell morphology, the hemolytic 
index or, presumably, the red cell life span (the 
higher fecal urobilinogen level after treatment 
was due to the increase in circulating hemo- 
globin). There was a definite clinical improve- 
ment characterized by the sense of well being, 
increased appetite, subsidence of the fever, clear- 
ing of the icterus and disappearance of the pain 
and tenderness in the liver and spleen but this 
was belied by the absence of improvement in 
the liver function tests or changes in the size and 
consistency of the liver and spleen. The return 
of symptoms after four months is in accord with 
previous reports of the evanescence of the effect 
of ACTH in chronic hepatitis. 


SUMMARY 


A case of Mediterranean anemia in an adult 
aggravated by the development of chronic hep- 
atitis and cirrhosis is reported. The effects of 
liver disease on the bone marrow and of anemia 
on liver disease are discussed. A short course of 
treatment with ACTH resulted in a rise in the 
blood count and apparent clinical improvement 
which were not accompanied by any improve- 
ment in the liver function tests, the hemolytic 
index, the blood smear or the hepatospleno- 
megaly. These benefits, moreover, were only 
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temporary and probably represented a non- 
specific response. 
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tions. Paper read before the Annual Meeting of the American Rheumatism Association, 
Chicago, IIll., June 6, 1952. 
3. Freyberg, R.; Kidd, E. C., and Boyce, K. C.: Studies of Butazolidin and Butapyrin. 
in Patients with Rheumatic Diseases. Paper read before the Annual Meeting of the 
American Rheumatism Association, Chicago, IIl., June 6, 1952. 
4. Kuzell, W. C., and Schaffarzick, R. W.: Phenylbutazone (Butazolidin) and Butapyrin 
in Arthritis and Gout. Paper read before the California Medical Association Meeting in 
Los Angeles, April 29, 1952. 


In order to ensure optimal results and to avoid untoward reactions, 
physicians are urged to send for the BUTAZOLIDIN breéchure or to 


read the package circular carefully before prescribing. 


GEIGY PHARMACEUTICALS 


Division of Geigy Company, Inc., 220 Church Street, New York 13, New York 
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INDISPENSABLE 


for COMPLETE UP-TO- 


Admintetretion tailed teaspmntut ta 7 (im) thoroughly 

taken dang the 
Supply: Howser —Packages, 4.08, ve, 1 fic 

Name ths Me ten 


tecmulei 


at 


Dewription: fhe pure, syatheie, methy! ester of the 


MODERN DRUG 
ENCYCLOPEDIA 


AND THERAPEUTIC INDEX 


to give you 
UP-TO-DATE, finger-tip reference on nearly 4000 
Ethical Drugs (including 1500 brand new listings) 
of 175 manufacturers. Over 50,000 satisfied users 
find the MODERN DRUG ENCYCLOPEDIA is 
the only publication that provides a complete 
cross-reference desk service—the only encyclope- 
dia that provides the means (through MODERN 
DRUGS quarterly supplements) to keep you 
informed of continuing new drug descriptions. 


Edited by 


MARION E. HOWARD, M.D., F.A.CP. 
Medical School: 


peuthoritative for the latest composition, 


Featuring for the Ist time— action, uses, supply, dosage—also cautions and 
contra-indications of thousands of new drugs. Now * 

* SELF-PRONOUNCING compiled in seven special sections: DRUGS ¢ 

DRUG LISTINGS BIOLOGICALS e ALLERGENS GENERIC 

* INDEX OF ila. NAME INDEX ¢ THERAPEUTIC INDEX e 


+ NEARLY 1500 BRAND New \ cea 
Bound in Red Fabricoid. 1200 pages, 
DRUG DESCRIPTIONS size 6" x 9%," x Postpaid $15* 
. 4 U.S.A.; $18 Foreign 


DRUG PUBLICATIONS, INC. 
49 West 45th Street, New York 36, N. Y. 


Enclosed is the sum of fifteen dollars ($15* U.S.A.) for 
which please send me postpaid the new Fifth Edition of 
THE MODERN DRUG ENCYCLOPEDIA AND 
THERAPEUTIC INDEX and MODERN DRUGS. 
(New York City residents please add 3% for sales tax.) : 


FREE 


—to every encyclopedia 
owner— 


MODERN DRUGS 


—the quarterly supple- 
ment that keeps you up-to- 
date with the newest drug 
descriptions. 


NAME M.D. 


ADDRESS. 


“Includes three-year supplementary service at $2 per year. 


city ZONE STATE 
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NOW... 


only tablets daily 


for effective, 


continuous 


oral penicillin tablet therapy 


Tablets BICILLIN* L-A— Single dose 200.000 units 


Pf 


VA 


UNITS 1 2 3 4 5 6 7 8 9 
PENICILLIN HOURS 

PER CC. 

SERUM DEMONSTRABLE BLOOD LEVELS FOR 12 HOURS WITH A SINGLE TABLET 


Tablets 


sa BICILLIN’ L- 


BENZETHACIL 


Dibenzylethylenediamine dipenicillin G 


Supplied: 

Pink, scored tablets con- 
taining 200,000 units per 
tablet. Bottles of 36. 


12 UNITS 
PENICILLIN 
PER CC. 
SERUM 


*Trademark 
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DIABETES DETECTION? 


By joining, or helping to form, a Committee on Diabetes of 
your Medical Society, you can cooperate in the organized 
program to find unknown diabetics in your community. 


As an individual practitioner, you can take an active — and 
essential—part in diabetes detection all year round, by making 
a test for urine-sugar routine for each and every patient. 


P.S. It is only too easy for a busy doctor to overlook 
testing himself and members of his family. 


To screen for diabetes, the simplest method is testing for 
urine-sugar. A test is made of the first specimen voided one 
to three hours — preferably 90 minutes — after a full meal. 
Positive findings of glycosuria are checked by blood-sugar 
determinations. 


During the Diabetes Detection Drive, Clinitest Reagent Tab- 
lets are available to your Medical Society without charge when 
requested from the American Diabetes Association. For in- 
formation call or write the Secretary of your Society. 


A M E S COMPANY, INC. ELKHART, INDIANA 


43152 AMES COMPANY OF CANADA, LTD., TORONTO 
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In PERTENAL the potent vasodilator, mannitol hexanitrate, supplements the 

hypotensive action of veratrum, allowing the veratrum to take effect at a lower blood 
pressure level . .. assuring well sustained reduction of pressure, with minimal, safer veratrum 
dosage, and prompt relief of headache, dizziness, worry, restlessness, insomnia, gastro- 
intestinal discomforts and other symptoms which often aggravate pressure. 


PERTENAL treats the patient as a whole — helps assure 


a more comfortable, more tranquil, often longer life. 


each PERTENAL tablet contains: 


Dose: 1 tablet every 4 to 6 hours. Veratrum Viride. . . . . . . . . 100mg. (1% ¢r.) 
7s (standardized extract of the whole drug ) 

Supplied in bottles of 50, 100 and Homatropine Methylbromide . . . . 2.5 mg. (1/25 gr.) 

500 tablets. 


Mannitol Hexanitrate . . . . . . S8Omg. (%gr.) 


Comprehensive literature and samples on request 


CROOKES LABORATORIES, INC. hae, ES MINEOLA, NEW YORK 


Therapeutic Preparations for the Medical Profession 
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The headache, vertigo, dyspnea and 
malaise associated with severe hyper- 
tension can be promptly controlled or 
greatly mitigated by Solution Intra- 
muscular Veriloid. This intramuscularly 
administered hypotensive agent leads to 
a prompt, sustained, and significant fall 
in blood pressure, providing welcome 
relief from distressing discomfort. 

A single injection of Solution Intra- 
muscular Veriloid lowers the blood pres- 
sure for 3 to 6 hours. In many instances, 
symptomatic relief persists for consider- 
ably longer periods. Through repeated 
injections, the arterial tension may be 
depressed for many hours or even days. 
Thereafter, suitable oral medication 
may be employed. This hypotensive 
agent is indicated in hypertensive states 


Aolulion 


RELIEF OF 


HYPERTENSIVE 


accompanying cerebral vascular disease, 
malignant hypertension, hypertensive 
crises (encephalopathy), toxemia of 
pregnancy, eclampsia and pre-eclampsia. 

Solution Intramuscular Veriloid, con- 
taining 1 mg. per cc. of alkavervir in 
buffered isotonic saline solution, drops 
the blood pressure by central action. It 
has no influence on ganglionic activity 
and has no direct relaxing action on the 
blood vessels. Alkavervir, a unique frac- 
tion of the hypotensive alkaloids derived 
from Veratrum viride, is biologically 
standardized in dogs for hypotensive 
potency. 

Solution Intramuscular Veriloid is 
supplied in boxes of six 2 cc. ampuls. 
Complete instructions for use accom- 
pany each package. 


INTRAMUSCULAR 


RIKER LABORATORIES, INC. 


BRAND OF ALKAVERVIR 


8480 Beverly Bivd., Los Angeles 48, Calif. 
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90-Second Asthma Relief 


Lasting 
4. Hours! 


Relay Action in One Tablet... 


You can now prescribe immediate-acting, sublingual aludrine (n-iso- 
propylarterenol HCl) and theclassic theophylline-ephedrine-phenobarbital 
anti-asthmatic triad in a single tablet. The asthma patient simply places a 
Nephenalin tablet under the tongue until the purple sugar coating is 

dissolved, then swallows the nucleus. 

Aludrine (n-isopropylarterenol HCl) in the coating, absorbed sublin- 
gually, exerts pronounced bronchodilator action within 90 seconds. The 
nuclear combination of theophylline, ephedrine and phenobarbital is 
absorbed enterically to relay and extend the initial asthma relief for at 
least four hours. The average asthma patient may thus abort or suppress 
symptoms for a whole day with as few as three Nephenalin tablets! 


Nephenalin 


Anti-asthmatic Tablets 


Gentlemen: Please send me samples of Nephenalin, your new 
relay-action anti-asthmatic tablet. 


Name 


Street 
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| Shes ] Co. Inc. 155 East 44th St., New York 17, N.Y. 


new, fast-acting analgesic 


containing acetyl-p-aminophenol 


Because of its content of acetyl-p-amino- 
phenol, Trigesic quickly raises the pain 
threshold and provides rapid, sustained 
relief of pain. A definite rise in pain thresh- 
old occurs within 30 minutes and anal- 
gesia is maintained for about 4 hours. 
Trigesic is for relief of pain in common 
colds, grippe, dysmenorrhea, premenstrual 
tension, sciatica, simple headache, after 
267. rise in pain threshold dental extractions and minor surgery, 

l rheumatism, migraine, sinusitis, bursitis, 

. myositis and pains of neuropathic origin. 


Trigesic, per tablet: 


0.125 Gm. (2 gr.) acetyl-p-aminophenol, 0.23 Gm. 
(3% gr.) aspirin, 0.03 Gm. (%4 gr.) caffeine. Bottles 
of 100 and 1,000 white, scored tablets on prescrip- 
tion only. 


Trigesic with Codeine, per tablet: 


16 mg. (% gr.) or 32 mg. (% gr.) codeine phos- 
phate in addition to the other ingredients. Bottles 
of 100 and 1,000 pink, scored tablets on prescrip- 
tion only. 


TRIGESIC 


Squibb Analgesic Compound 


*“TRIGESIC’ IS A TRADEMARK OF E. R. SQUIBB & SONS 
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No. gi7—Fach dry-tilled capsule contains 
Thiamine HCl 25.0 
Ribotlavin (Ba). me- 
Pyridoxine HCl (Be) 1.0 
Cale. pantothenat® 10.0 me- 
id) 100.0 me- 


C (ase orbic ack 


{in pottles of 30, 100, and 1 OOO. 


Vit amin 
Supplies 


92, East 40th Street, New York 16, N.Y. 
ge 
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Over and above the relief of menopausal symptoms, Harding reported that “a feeling of 
well-being or tonic effect was frequently noted,” by his patients on “Premarin” therapy. 


Harding, F. E.: West. J. Surg. 52:31 (Jan.) 1944. 


P R M A RI N 


Estrogenic Substances (water-soluble) also known as 


Conjugated Estrogens (equine). Tablets and liquid. 


COUNCIL ON 


Highly effective - Well tolerated - Imparts a feeling of well-being 


Ayerst, McKenna & Harrison Limited »« New York, N. Y. »« Montreal, Canada 
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CORTOGEN 


ACETATE 


for 
CORTISONE 


therapy 
= 


The name Schering has come to stand for pioneering 
research and leadership in steroid hormone chemistry. 
Now Schering adds this new important product to its 
steroid line— available in ample amount to meet all 


your cortisone needs. 


Available as 25 mg. tablets, bottles of 30. For complete information 


write to our Medical Service Department. 


CORPORATION-BLOOMFIELD,N.J. 
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ganglionic block in hypertension 


to reduce blood pressure and relieve symptoms —a new, potent oral hypotensive 


Extensive clinical use has demonstrated 
Methium’s ability to 


1. reduce blood pressure to more normal 
levels 


relieve hypertensive symptoms 


provide symptomatic relief in some cases 
even where pressure cannot be lowered. 


An autonomic ganglionic blocking agent, 
Methium (hexamethonium chloride) inhib- 
its nerve impulses that produce vasoconstric- 
tion—thereby causing blood pressure to fall. 


In successfully treated patients, receding 
pressure is accompanied by relief of head- 


Methium... 


ache, dizziness, palpitation and fatigue. In 
other cases, where blood pressure does not 
respond to therapy, symptomatic improve- 
ment may nonetheless be noted. 


Methium is a potent drug and should be used 
with great caution when complications exist 
—impaired renal function, coronary artery 
disease and existing or threatened cerebral 
vascular accidents. Complete instructions for 
prescribing Methium are available on writ- 
ten request or from your Chilcott detail man 
and should be consulted before using the drug. 


Methium is supplied in both 125 mg. and 250 
mg. tablets in bottles of 100 and 500. 


COUNCIL ON 
DHARMALY 


(BRAND OF HEXAMETHONIUM CHLORIDE) 


ul MORRIS PLAINS, NEW JERSEY 


FORMERLY THE MALTINE COMPANY 
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 Here’s the easy way to add 
sound to your films 


the new RCA l6mm Magnetic Recorder-Projector 


Now ADD A SPARKLING, new sound 
track to every 16mm film you use. And do 
it in minutes—with the new RCA magnetic 
recorder-projector. 


It’s the easy, low-cost way to make your 
films work harder, offer more. With your 
own sound track on film—old films can tell 
a new story ... a general message can be 
made specific . . . scratched optical sound 
tracks can be replaced . . . films can speak 
two languages—one on optical track and 
the other on magnetic sound track. 


With this new RCA projector you can 
now add sound to your silent films after 
duplicating on single perforated stock. Or, 
put a new commentary on your sound films 
—without impairing your present optical 
sound track. Add a simple narration, or 
prepare a complete production in sound. 


It’s magnificent sound, because it’s mag- 
netically recorded sound. And it’s just as easy 
to prepare as a tape recording. To make 
your own sound track with the RCA mag- 
netic recorder-projector, here’s all you do. 


VISUAL PRODUETS 


1. HAVE MAGNETIC STRIPE 
ADDED TO YOUR FILM 

Laboratories are set up to add 

a narrow magnetic stripe to 

your sound or silent films 

quickly, expertly—for only a 

few cents a foot. Films that 

at either 16- or 24-frame 

speed can be used. Double-perforated films (films with 

two sets of sprocket holes) must be duplicated on 
single-perforation stock. 


2. THREAD PROJECTOR 
AND SET CONTROLS 
Thread the RCA projector as 
you would for a regular show- 
ing. Turn knobs to ‘‘record’’ 
position, thread film over mag- 
netic recording heads and 
you’re ready to record. No 
extra gadgets to attach. No extra equipment to set up. 


3. WATCH PICTURE— 
SPEAK INTO 
MICROPHONE 

Record your message on film 

as you watch the picture. 

Stop... erase... re-record 

at any time. You can plan 

your recording for a single 
showing—or use it over and 
over again. 


RADIO €ORPORATION of AMERIEA 


ENGINEERING PRODUCTS DEPARTMENT. CAMDEN, N.J. 


Compare sound reproduction 
before you buy 
Listen to the magnificent sound reproduc- 
tion from the RCA magnetic recorder 
projector before you buy any type of sound 
projector. You’ve never heard such faithful 
sound on 16mm film. And RCA’s quiet 
projector mechanism—the famous “‘thread- 
easy” mechanism—keeps irritating projector 
noise out of your recording. For a superb 
presentation of either optically or magnet- 
ically recorded films, listen to the RCA 
magnetic recorder-projector. Listen... 
compare ... before you buy. 


For New, Free Bulletin 


MAIL COUPON NOW 


Visual Products. Dept. 176J 
Radio Corporation of America, 
Camden, N. J. 


Please send me your new, free builetin, ““RCA 
Magnetic Recorder-Projector.”’ 


Name 

Title 
Organization 
Address. 
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Aldiazol-M brings a high degree of safety to sulfonamide 
therapy. This alkalizing suspension of equal parts of micro- 
crystalline sulfadiazine and sulfamerazine is safer because it 
decreases the danger of crystalluria and reduces the incidence 
of allergic reactions. It offers these advantages: 


Greater Efficacy, achieved through decreased acetylation 
of the absorbed sulfonamides, and rapid absorption of the 
microcrystalline form. 


Highly Palatable. Aldiazol-M is pleasantly flavored, mak- 
ing it acceptable to virtually all patients. It is readily taken 
by children, making for universal patient cooperation and 
permitting its use whenever sulfonamide therapy is indicated. 


Greater Urinary Solubility is produced by sodium citrate 
which increases urinary solubility of the combined sulfon- 


amides by more than 400%. 

The maintenance dose of Aldiazol-M is 2 teaspoonfuls (1 
Gm. of total sulfonamides) every 4 hours; initial dose, 2 to 4 
teaspoonfuls (3 to 6 Gm. of total sulfonamides). Aldiazol-M 


is available at all pharmacies in pint and gallon bottles. 
Co) 


THE S.E.MASSENGILL COMPANY 
Qormnula Bristol, Tenn.-Va. 


Each teaspoonful (5 cc.) of NEW YORK e SAN FRANCISCO e@ KANSAS CITY 
Aldiazol-M contains: 


Sulfadiazine 
(microcrys- 
talline)...... 0.25 Gm. 
Sulfamerazine 
(microcrys- 
talline)......0.25 Gm. 
Sodium Citrate. 1.0 Gm. 
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Meat... 


and Its Important Contribution 
of Essential Amino Acids 


Although the daily allowance of protein recommended for human beings has 
been established for some time,' only very recently has a recommended daily 
intake of individual essential amino acids been proposed.? These new criteria 
now give a more accurate means for nutritionally evaluating the protein contri- 
bution of meat than was possible just on the basis of the gross amount of protein 
meat provides. 

The table which follows gives the proportions of the recommended daily in- 
take of individual essential amino acids provided by six ounces of cooked meat, 
the approximate average per capita daily consumption in the American diet. 
Note that though furnishing about 52 per cent of the daily protein allowance for 
a normal adult male, six ounces of meat supplies more than the recommended 
daily intake for a majority of the essential amino acids and a goodly proportion 
of the recommended intake of the remainder. 


Percentages of Recommended Daily Intake of Eight Essential Amino Acids and of Protein 
Contributed by 6 Oz. of Cooked Meat* 


Essential Amino Acids Beef3 


L-Isoleucine 141 
L-Leucine 

L-Lysine 

L-Methionine 

L-Phenylalanine 

L-Threonine 

L-Tryptophan 

L-Valine 


Protein 


*In the calculations, averages of the percentages of protein in six different cuts of each type of cooked meat were used, as 
were averages of the percentages of the amino acids in the protein of the respective cuts. 


Every kind and cut of meat is not only an excellent source of the essential 
amino acids but also of the nonessential amino acids, the B group of vitamins, 
iron, and other essential minerals. Morever, meat is rapidly and almost com- 
pletely digested, has a stimulating influence upon appetite and digestion, and 
gives a gratifying sense of satiety. All these nutritional and physiologic advan- 
tages of meat fully justify its prominent place in normal diets of persons of all 
ages and in many special diets. 


REFERENCES 
1. Recommended Dietary Allowances, National Research B. S.: Amino Acid Composition of Fresh and Cooked 
Council, Reprint and Circular Series, No. 129, Washing- Beef Cuts, J. Biol. Chem. 193:23 (Nov.) 1951. 
ton, D. C., 1948. 4. Schweigert, B. S.; Guthneck, B. T.; Kraybill, H. R., 
2. Rose, W. C.: Half-Century of Amino Acid Investigations, and Greenwood, D. A.: The Amino Acid Somprane 
Chem. and Eng. News 30:2385 (June 9) 1952. of Pork and Lamb Cuts, J. Biol. Chem. 180:1077 (Oct.) 
. Greenwood, D. A.; Kraybill, H. R., and Schweigert, 1949, 


The Seal of Acceptance denotes that the nutri- 
tional statements made in this advertisement 
are acceptable to the Council on Foods and 
Nutrition of the American Medical Association. 


Lean. Meet... 
Main Office, Chicago... Members Throughout the United States 
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ipa From among all antibiotics, 
dosage for adults—four 250 mg. 


capsules daily with milk. Ophthalmologists often choose 


AUREOMYCIN 


Hydrochloride Crystalline 
THE READING ROOM, because 


CHICAGO PUBLIC LIBRARY 
Aureomycin penetrates the ocular tis- 
sues and fluids, after passing the blood- 
aqueous barrier. 
Aureomycin in 0.5% solution is 
well tolerated by the conjunctiva. 
Aureomycin may be used locally 
in appropriate solution; or by mouth; 
or, in emergency, intravenously; or 
by a combined approach, depending 
upon the seriousness of the infection. 
Aureomycin has proved of value 
in a number of ocular infections in 
which other remedies have failed. 
Aureomycin has been reported to 
be effective against susceptible organ- 
isms in the following conditions com- 
monly seen by ophthalmologists: 
Blepharitis 
Conjunctivitis 
Dendritic Keratitis 
Epidemic Keratoconjunctivitis 
Kpiscleritis 
Periorbital Infection 
Acute Trachoma 
Uveitis 


7A 


i" Throughout the world, as in the 


B United States, aureomycin is recognized 


as a broad-s, ‘bioti. 
a) spectrum of 


Capsules: 50 mg.—Bottles of 25 and 100. 
250 mg.—Bottles of 16 and 100. 
Ophthalmic: Vials of 25 mg. with dropper; solution 
prepared by adding 5 cc. of distilled 
water. 


LEDERLE LABORATORIES DIVISION american Cyanamid company 
30 Rockefeller Plaza, New York 20, N.Y. 
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THE EXCLUSIVE 


1:3 L/D RATIO! 


°IN CURBING APPETITE and caus- 
ing weight loss, a combination of Monobasic 
amphetamine phosphate containing a ratio of 1:3 
of levo to dextro amphetamine (as found exclusively 
in Biphetacel) is more effective than the same 
amount of amphetamine contained in the racemic 
form where the ratio is 1:1 I/d...’”’* 


Because of its exclusive 1:3 |/d ratio, Biphetacel 
curbs appetite more effectively, without nausea or 
nervousness, in both vagotonic or “sluggish’’ and 
sympathicotonic or “high strung” patients. In 
addition, it preserves an “‘enough-to-eat”’ feeling 
by decreasing gastric motility and prolonging 
emptying time of stomach, and assures normal 
elimination by supplying evenly distributed, non- 
nutritive, “no clump” bulk. Small dosage means 
low treatment cost. 


Each Biphetacel tablet contains the preferred 1:3 
|/d ratio as provided by Racemic Amphetamine 
*Freed, S. C. and Mizel, M.—in press 


Phosphate Monobasic 5 mg. and Dextro Ampheta- 
mine Phosphate Monobasic 5 mg.; Metropine® 
(methyl atropine nitrate, Strasenburgh) 1 mg., 
Sodium Carboxymethylcellulose 200 mg. 


Dosage: 1 tablet Y2 hour before meals, three times 
daily, for the vagotonic type. Increase this dose, if 
necessary, to achieve the desired clinical results. 
Yo tablet Y2 hour before meals, three times daily, 
for one week for the sympathicotonic type. If no 
signs of intolerance develop, increase to 1 tablet. 
Supplied in bottles of 100 and 1000 scored tablets. 


For literature and supply for initiating treatment, 
write Medical Service Department, R. J. Strasen- 
burgh Co., Rochester 14, N. Y. 


PATIENTS RETAIN THEIR 
ZEST FOR FOOD... BUT THEY 


Less and Like It!”’ 


FOUNDED IN 1886 


| A] 


is now possible 


FOR LARGE DOSAGE <= 
OF ASPIRIN... 


THE FIRST CLINICALLY PROVEN 
ENTERIC-COATED ASPIRIN 


ASTERIC 


| ASTERIC em (5 gr. enteric-coated Aspirin) Allows Greater Dosages— 
40, 50, 60, 70 or more grains daily as required where 
gastric distress and other irritating symptoms resulting from 
high dosages of plain aspirin tablets are contraindicated. 


| ASTERIC © is indicated in the treatment of certain rheumatic disorders 


requiring maximal dosage of aspirin over long periods. 
“Enteric-coated aspirin (ASTERIC) has an analgesic effect 
equal to that of regular aspirin and the onset of its action 
is only slightly delayed.” Clinically it was shown that equal 
blood levels were obtained.* 


| ASTERIC em (5 gr. enteric-coated Aspirin) will be found beneficial for 


those patients suffering from hemorrhagic gastritis resulting 
from the irritating effects of plain aspirin and for cases of 
peptic ulcer which require acetylsalicylic acid therapy. 


| ASTERIC em (5 gr. enteric-coated marbleized tablets) supplied in bottles 


of 100 and 1000. 
For Samples—Just Send Your Rx Blank Marked 13AS10 


*Talkov, R. H., Ropes, M. W., and Bauer, W.: The Value of 
Enteric Coated Aspirin. N.E.J. Med. 242,19 (Jan. 5) 1950. 


BREWER & COMPANY, INC. 
WORCESTER 8, MASSACHUSETTS U.S.A. 
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WHEN DRUG THERAPY 


The administration of many drugs can sharply 
increase the patient’s requirements for vari- 
ous essential nutrients. The presence and 
action of certain drugs in the organism may 
alter normal utilization of nutrients to pur- 
poses of detoxication of these drugs. 

In some instances, drugs may impair ab- 
sorption of nutrients, increase their destruc- 
tion within the digestive tract, interfere with 
their metabolism, or hasten their elimination. 
With prolonged administration, therefore, 
unless the intake of various nutrients is in- 
creased, deficiency states may be precipitated. 

The dietary supplement Ovaltine in milk 
can significantly increase the nutrient intake 


of the patient when therapy makes this adjust- 
ment necessary. As shown by the table below, 
it provides substantial amounts of all nutri- 
ents known to be essential. Its excellent 
quality protein furnishes an abundance of 
all the indispensable amino acids. 

Because of its delicious flavor, Ovaltine 
in milk is universally enjoyed by patients. 
It is easily digested, bland, and its nutrients 
are quickly available for utilization. The two 
varieties of Ovaltine, plain and chocolate 
flavored, both similar in high nutrient con- 
tent, allow choice according to flavor pref- 
erence. Children particularly like Chocolate 
Flavored Ovaltine. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


| Conltine 


Three Servings of Ovaltine in Milk Recommended for Daily Use Provide the Following Amounts of Nutrients 
(Each serving made of % oz. of Ovaltine and 8 fl. oz. of whdle milk) 


MINERALS 
1.12Gm. MAGNESIUM 
MANGANESE 


120 mg. 
0.4 mg. 
940 mg. 


*PROTEIN (biolo 
*CARBOHYDRAT 
*FAT 


VITAMINS 

37 mg. PYRIDOXINE 
*RIBOFLAVIN 
*THIAMINE 
*VITAMIN A 
VITAMIN Bis 
*VITAMIN D 


*ASCORBIC ACID.... 


*Nutrients for which daily dietary allowances are recommended by the National Research Council. 
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FLUORINE. | 3.0 me. POTASSIUM...... 1300 mg. FOLIC ACID........ 0 -.... 3200 1.U. 
*IODINE......... 0.7 mg. SODIUM.......... 560 mg. ...... 0.005 mg. 
*1RON............ 12mg. ZINC............. 2.6 mg. PANTOTHENIC ACID 4201.0. 
gically complete).............32 Gm. 


IROCINE 


6O|lst YEAR OF PUBLICATION 


A practical journal built on merit 
that any doctor will take pride in 
having in his library—beautifully 
printed and illustrated—a publica- 
tion that will provide both pleasure 
and inspiration. 


The 
American Journal of Surgery 


49 West 45th St. New York 36 


Yearly Subscription $12.00 U.S.A. 
Canada and Pan-American Countries $13. 
Foreign $15.00 
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Announcing 


Seven Seminars on 


ARTERIOSCLEROSIS 


by Eminent Authorities 


“poow ous 
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Reprinted from the 1951 issues of The Ameri- 
can Journal of Medicine and included without 


extra charge to new 1952 subscribers or sold 
separately. 
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Subjects : 
Pathology of Atherosclerosis 


< 
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Lipid Metabolism and Atherosclerosis 


Lipoproteins in Atherosclerosis 


MON 


Protein-lipid Relationships in Human Plasma 


1. In Normal Individuals 


dsoud 


11. In Atherosclerosis and Related Conditions 


Atherosclerosis—Some Clinical Implications 
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Hypercholesteremia with Predisposition to 
Atherosclerosis—An 


Inborn Error of Lipid 
Metabolism 


Use of Lipotrophic and Related Substances in 
the Prevention and Treatment of Atherosclerosis 


ORDER FORM 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me The American Journal of 
Medicine 


[] The American Journal of Medicine and the 


Arteriosclerosis reprint—Price $12.00 in 
U.S.A.—$15.00 Foreign 


[) The Arteriosclerosis Reprint—Price $2.00 
in U.S.A.—$2.50 Foreign 


Name........ 
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nothing competes with the Lure of Sweets 


... tse tl in 


trifle sulfonamide therapy 


Lice giving away candy... that’s how easy it is to 
administer TRUOZINE Dulcet Tablets to young patients 
when sulfonamide therapy is indicated. 

These pale-green, sugary cubes are candylike in 
taste and appearance, yet they also are accurately 
standardized medication of uniform potency and 
stability. Each cube contains 0.1 Gm. each of 
sulfadiazine, sulfamerazine and sulfamethazine. 

Dosage is accurate and dependable. 
Administration is simple: Mother merely counts 
out the number of TruozINE Dulcet Tablets you 
prescribe. They’re supplied in bottles of 100 tablets. 

Also available: TRuozINE Suspension with 
Sodium Citrate, each teaspoonful (5 cc.) containing 


0.1 Gm. each of the three drugs, plus 1.5 Gm. of 


sodium citrate in a mint-flavored 
aqueous suspension. Bottles of | pint. Obbott 


Prescribe 


Truozine 


TRADE MARK 


Dulcet 
tablets 


(Meth-Dia-Mer-Sulfonamides, Abbott) 
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Beplete 


VITAMINS B-COMPLEX WITH PHENOBARBITAL WYETH 


For the many patients who 
complain of nervousness, 
chronic fatigue, lassitude, 
and anorexia 


in the absence of 
discernible organic 
cause... 


27) 


CLINICES 


BEPLETE exerts a tranquilizing effect and provides 
the important benefits of high dosage Vitamin B 
supplementation. Available as a highly palatable 
Elixir, and as Tablets. Also available, BEPLETE with 


BELLADONNA for combined antispasmodic-sedative 


action; Elixir and Capsule forms. 
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PROVED effective in three years’ clinical use 


ACETATE 
(CORTISONE ACETATE, Merck) 


Typical experience: 


Administration of CORTONE, 

systemically, reduced rheumatoid arthritis symptoms 
in all of 100 patients treated. 

Daily maintenance doses of 50 mg. or less, orally, 
were adequate in 53 per cent of cases. 


Ward, E., Slocumb, C. H., Polley, H. F., Lowman, E. W., and Hench, P. S.,_ 
Proc. Staff Meet. Mayo Clin. 26: 361, Sept. 26, 1951. 


MERCK & CO. Inc. 
Manufacturing Chemists 


RAHWAY, NEW FERS EY 
in Canada: MERCK & CO. Limited— Montreal 


CORTONE is the registered 
trade-mark of Merck & Co., Inc. 


for its brand of cortisone. 
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In cardiac decompensation when 
maintenance 
dosage 
1s 


see-sawing... 


digitaline nativelle 


chief active principle of digitalis purpurea for positive, controlled maintenance 


Initial compensation of the failing heart may now be accomplished in hours 
rather than days — but maintenance of the compensated state is 

often a regimen of years. Continuous adjustment of the daily cardiotonic dose, 
which may contribute to patient morbidity, is often obviated when 

a preparation of reliable, constant and unvarying potency is employed. 


DIGITALINE NATIVELLE, the pioneer digitoxin, is such a preparation. 

It provides a uniform dissipation rate with full digitalis effect between doses. 
Switch your “difficult” patients to DIGITALINE NATIVELLE for smoother 
maintenance. Prescribe it for initial digitalization. You wil! be impressed 

with its rapidity of action and virtual freedom from local side effects. 


DIGITALINE NATIVELLE is available, at all druggists, in three strengths 
for precise dosage — 0.1 mg. (Pink), 0.15 mg. (Blue), 0.2 mg. (White). 
Because of the high order of purity, most patients are adequately 
maintained on 0,1 mg. daily. The average dose for digitalization 

is 1.2 mg. in three equal doses at 4-hour intervals. 


Send for brochure: “Modern Digitalis Therapy.” Clinical sample available on request. 


VARICK PHARMACAL COMPANY, INC. (DIVISION OF’E. FOUGERA & CO., INC.) NEW YORK 13, N. Y. 
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